





































































































































































































































*H5,$:$*"#4&.7$"&'#*.1+''# (,&#I+174=# R,$'# '(64;#I*'#4&'$)"&4# (+# $"%&'($)*(&# (,&#&--&.('#+-#!-# +"#
"*((&12*.3#(+*4'#/!*2'#%"3"+)#"0K#-+77+I$")#(,&#4$'.+%&1;#+-#!-,$"#5+567*($+"'#+-#(,$'#'5&.$&'#$"#(,&#89=#
#
R,&# &--&.(# +-# !-# +"# "*((&12*.3# (+*4'# I*'# *''&''&4# :;# -$&74I+13# *"4# &C5&1$H&"('=# e$74# *467(#
"*((&12*.3'#I&1&#(*))&4#*"4#1&5&*(&47;#(&'(&4#-+1#!-#461$")#DEE `^DEFF=#P*5($%&#*467('#*"4#26%&"$7&'#
-1+H# $"-&.(&4# 5+567*($+"'#I&1&# *7'+# (&'(&4# $"# 1&'5+"'&# (+# .,*")&'# $"# &"%$1+"H&"(*7# .+"4$($+"'=#





!-# 4;"*H$.'# $"# "*((&12*.3#5+567*($+"'#I&1&# *7'+# $"-76&".&4# :;# '*7$"$(;=# M*((&12*.3'# $"# (,&#89# *1&#
-+6"4#H*$"7;#$"#.+*'(*7#,*:$(*(K#I,&1&#5+"4'#*1&#+-(&"#$"6"4*(&4#:;#,$),#($4&'=#!467('#.*5(61&4#$"#
:1*.3$',#I*(&1#I&1&#7&''# 7$3&7;# (+# (&'(#5+'$($%&# (,*"#(,+'&#.*6),(#$"# -1&',#I*(&1=#!-, $'+7*(&4# -1+H#
.+*'(*7#"*((&12*.3',I*'#3$77&4#)/,8)#$'#:;#*#'*7$"$(;#&_6$%*7&"(#(+#aEg#'&*I*(&1=#R,&#$'+7*(&#)1&I#-*'(&'(#
*(# 7+I#'*7$"$($&'K# '6))&'($")#(,*(# $(#H*;#,*%&#:&.+H&#*4*5(&4#(+#:1*.3$',#.+"4$($+"'=#@&'5$(&# (,$'#
*4*5(*($+"K#($4*7#$"6"4*($+"#H*;#:&#'6--$.$&"(#(+#4$'$"-&.(#5+"4'#*"4#7$H$(#!-#(1*"'H$''$+"=#
#

















G# :&)*"# (,$'# 51+2&.(# $"# DEE]K# -+77+I$")# 4&(&.($+"# +-#!"#$"%&'%&(#$)*+, -./-$'0"#)-)1, :!-9, $"#
'*H57&'# -1+H# "*((&12*.3# (+*4'# /!*2'# %"3"+)#"0# $"# P6H:1$*# /X&7(1&1# S# P6""$"),*H# DEEb0=#
@$'.+%&1;#+-#!-#$"#(,$'#'5&.$&'#I*'#*#.*6'&#-+1#.+".&1"K#*'#"*((&12*.3'#*1&#&"4*")&1&4#$"#(,&#
89# /T6.37&;# S# T&&:&&K# DEE[0=# R,&# )+%&1"H&"(# *)&".;# M*(61*7# N")7*"4# /MN0# 51+%$4&4# (,&#













(+#(,&#'3$"#+-#*"#*H5,$:$*"K#f++'5+1&'#&".;'(# $"# (,&#3&1*($"$'&4#&5$4&1H$'#*"4#4&%&7+5# $"(+#
H*(61&# f++'5+1*")$*# /X$)=# F=F0=# O++'5+1*")$*# 51+46.&#H+1&# f++'5+1&'K#I,$.,# &H&1)&# -1+H#




X$)=# F=F# B$-&.;.7&# +-# !-# $"# .67(61&#








!#H&.,*"$'H#I,$.,# 1&'67('# $"# 4&*(,# -1+H, !-# $"-&.($+"# ,*'# :&&"# 4&'.1$:&4# :6(# (,&# -*.(+1'#
7&*4$")#(+#+6(:1&*3'#+-#.,;(1$4$+H;.+'$'#/(,&#4$'&*'&#.*6'&4#:;#!-0#$"#5+567*($+"'#*1&#5++17;#
6"4&1'(++4=#!..+14$")#(+#(,&#"+%&7#5*(,+)&"#,;5+(,&'$'K#+6(:1&*3'#,*%&#1&'67(&4#-1+H#*11$%*7#
+-# !-, $"# *1&*'# I,&1&# (,&# 5*(,+)&"# $'# "+(# &"4&H$.# *"4# *H5,$:$*"'# ,*%&# "+(# &%+7%&4# *"#
&--&.($%&# $HH6"&#1&'5+"'&# /B$5'#.#,"3K#DEEb0=#h(,&1'#,*%&#'6))&'(&4#!-# $'#&"4&H$.# (+#H*";#
1&)$+"'K#I$(,#.,;(1$4$+H;.+'$'#(1$))&1&4#:;#&"%$1+"H&"(*7#-*.(+1'#/Q*.,+I$.f#.#,"3K#DEEa0=#
#
X*11&1# .#, "3# /DEFF0# 4&'.1$:&# *# )7+:*7# 5*"f++($.# 7$"&*)&# /V<B0# +-#!-K# I,$.,# (,&;# .7*$H# ,*'#
1&.&"(7;# &%+7%&4K# $'# ,;5&1%$167&"(# *"4# ,*'# :&&"# '51&*4# :;# ,6H*"# *.($%$($&'=# U+I&%&1K# (,&#
$H5+1(*".&#+-# (,&#V<B#H*;#,*%&#:&&"#+%&1'(*(&4K# '$".&# (,&# '(1*$"'# '&_6&".&4#I&1&# 7*1)&7;#





$".764$")# 6"/"8)$*1K# ,*%&# :&&"# 7$"3&4# (+# H*''`H+1(*7$($&'# +-# *H5,$:$*"'# /'&&# ?*%$*"#.#, "3K#
DEFD0=#R,&#:+4;#+-#&%$4&".&#'6))&'('#!-#,*'#,*4#*#)1&*(&1#)7+:*7#$H5*.(#(,*"#6"/"8)$*1;#:6(#(,&#
1&7*($%&# $H5+1(*".&# +-# 4$--&1&"(# *H5,$:$*"# 4$'&*'&'# $'# 4$--$.67(# (+# )*6)&# /'&&# @6--6'K# DEFF0=#
V+%&1"H&"('# *1&# "+I# 1&_6$1&4# (+# 1&5+1(# 4&(&.($+"# +-#!-, *"4#6"/"8)$*1K# I,$.,# *1&# )7+:*77;#
"+($-$*:7&#4$'&*'&'#*..+14$")#(+#(,&#e+174#h1)*"$f*($+"#-+1#!"$H*7#U&*7(,#/A.,7+&)&7#.#,"3#DEFE0=#
#
R,&1&# *1&# +5($+"'# -+1# .+"(1+77$")# (,&# '51&*4# +-# *H5,$:$*"# 4$'&*'&'=# A(1$.(&1# .+"(1+7# +-# (,&#
(1*4&# $"# -*1H&4# *"4# I$74# *H5,$:$*"'# H$),(# 1&46.&# (,&# 1*(&# +-# 5*(,+)&"# '51&*4# *"4# (,&#




+-# -6")$.$4&'=# A.,7*&5-&1#.#,"3# /DEEa0# 1&5+1(# (,*(# Fa#H$77$+"#I$74`.*6),(# *H5,$:$*"'#&"(&1&4#
(,&#8=A=!=#7&)*77;#-1+H#F^^]`DEEDK#'+#&%&"#(,$'#I+674#51&'&"(#*#H*2+1#.,*77&")&=#
#
!((&H5('# (+# .+"(1+7# 5*(,+)&"'# '6.,# *'# !-, $"# I$74# *H5,$:$*"# 5+567*($+"'# *1&# 6"7$3&7;# (+#
'6..&&4K# 6"7&''# (,&# 5+567*($+"# ,*'# *# %&1;# 1&'(1$.(&4# 4$'(1$:6($+"# /-+1# $"'(*".&K# +"# *# 'H*77#
$'7*"40# *"4#*77# ,+'('#51&'&"(# $"# (,&#&.+';'(&H#.*"#:&# $4&"($-$&4#*"4# (1&*(&4=#!((&H5('#,*%&#








89#:&-+1&#DEE[=#h"7;# (I+#'(1*$"'#+-#!-#,*%&#:&&"# $'+7*(&4# -1+H#I$74#*H5,$:$*"'# $"# (,&#89K#
:+(,#+-#I,$.,#:&7+")#(+#(,&#V<B#/X*11&1K#<.$1=%'++,DEFF0=#!7(,+6),#(,&#V<B#H*;#:&#*#1&.&"(#
$"(1+46.($+"K# 4$--&1&"(# /*"4# 5+''$:7;# &"4&H$.0# '(1*$"'# ,*%&# :&&"# -+6"4# $"#H*$"7*"4# N61+5&#
/X*11&1#.#,"3K#DEFF0=#?+1&#I+13#$'#1&_6$1&4#(+#4&(&1H$"&#$-#&"4&H$.#'(1*$"',&C$'(#$"#(,&#89=#
#
?*''`H+1(*7$($&'# +-# *H5,$:$*"'# ,*%&# :&&"# *((1$:6(&4# (+#!-# $"# H*$"7*"4# N61+5&K# H*$"7;# $"#
'5&.$&'# "+(# "*($%&# (+# (,&# 89K# '6.,# *'# H$4I$-&# (+*4'#43(#.1, '01#.#$)%"/1, /X$)# F=D=0, *"4# -$1&#
'*7*H*"4&1'# >"3"+"/-$", 1"3"+"/-$"# :6(# *7'+# $"# .+HH+"# (+*4'# !*2', 0*2', /T+'.,# S##
?*1($"&f`A+7*"+K#DEEb0=#R+#4*(&K#"+#H*''`H+1(*7$($&'#,*%&#:&&"#7$"3&4#(+#!-#$"#(,&#89#:6(#(,&#
$H5*.('#+-#!-,H*;#,*%&#)+"&#6""+($.&4K# &'5&.$*77;# $-, !-# .*"#,*%&#H+1&# '6:(7&#&--&.('=# G(# $'#
5+''$:7&# "*(61*7# '&7&.($+"# $"# 1&'5+"'&# (+#!-# ,*'# *71&*4;# +..611&4=#?*;# .#, "3# /DEFF0# 1&5+1(#
6"6'6*7# %*1$*($+"# $"# (,&# -1&_6&".;# +-# ?UP# *77&7&'# $"# "*((&12*.3# (+*4# /!*2', %"3"+)#"0#
5+567*($+"'#$"#(,&#89K#I,$.,#H*;#,*%&#1&'67(&4#-1+H#(,&#$"(1+46.($+"#+-#*#"+%&7#5*(,+)&"=#
#

























NP# U*:$(*('# @$1&.($%&# F^^D# /!""&C# GW0# *"4# T&1"# P+"%&"($+"# F^\^# /!55&"4$C# D0=# G"# (,&# 89# $(# $'#
51+(&.(&4#6"4&1#1&)67*($+"#c^#+-#(,&#P+"'&1%*($+"#/M*(61*7#U*:$(*('0#Q&)67*($+"'#F^^[#/'.,&467&#DK#
*'# *H&"4&40K# I,&1&# $(# $'# *7'+# 51+(&.(&4# :;# (,&#e$747$-&# *"4# P+6"(1;'$4&# !.(# /F^]F0# /'&.($+"# ^K#
'.,&467&#aK#*'#*H&"4&40#*"4#M*(61*7#N"%$1+"H&"(#*"4#Q61*7#P+HH6"$($&'#!.(#/'&.($+"#[FK#DEEb0=#!'#







(,&# N")7$',# P,*""&7# *-(&1# (,&# 7*'(# $.&# *)&=# G"# (,&# F^^E'# (,&# 7*'(# "*($%&# 5+567*($+"# +-# 5++7# -1+)'#
/?.3'<&(3"@A6"/",3.11'/".0#$"#(,&#89#:&.*H&#&C($".(=#G(#$'#5+''$:7&#+(,&1#'5&.$&'#I$77#:&#7+'(K#$".764$")#
(,&# "*((&12*.3K# $-# .+"'&1%*($+"# &--+1(# $'# "+(# H*$"(*$"&4=# N--+1(# $'# :&$")# H*4&# (+# .+"'&1%&# (,&#




R,&# &.+7+);# +-# (,$'# .,*1$'H*($.# '5&.$&'# $'# 4&'.1$:&4# $"# 4&(*$7# :;# V1$--$(,'# S# T&&:&&# /DEEE0=#
!467('# *"4# 26%&"$7&'# *1&# &*'$7;# $4&"($-$&4# :;# (,&$1# ;&77+I# 4+1'*7# '(1$5&# *"4# (,&# .*77'# +-# *467(#
H*7&'# .*"# :&# ,&*14# -+1# '&%&1*7# 3$7+H&(1&'=# G"# (,&# 89K# "*((&12*.3'# ,$:&1"*(&# +"# 7*"4# -1+H#
M+%&H:&1#6"($7#!51$7K#I$(,# '5*I"$")#5&*3$")# $"#?*;=#M*((&12*.3'#:1&&4#H+'(# '6..&''-677;# $"#
&5,&H&1*7# 5+"4'# $"# (,&# *:'&".&# +-# .+HH+"# '5&.$&'# I,$.,# (&"4# (+# 4+H$"*(&# $"# 7*1)&K#







































































































































































































































































































































































































































































































































































































































































R,&# 51$".$5*7# *$H# +-# (,$'# 51+2&.(# I*'# (+# *''&''# (,&# $H5*.(# +-# !-# 65+"# "*((&12*.3# (+*4#
5+567*($+"'# $"# (,&#89=# G# 4$4# "+(# *$H# (+# 51&4$.(# (,&# -6(61&# $H5*.('# +-#!-K# *'# ,+'(`5*(,+)&"#
1&7*($+"',$5'#*1&#+-(&"#6"'(*:7&=#U+I&%&1K#G#4$4#*$H#(+#4&(&1H$"&#(,&#.611&"(#$H5*.('#+-#!-,+"#
*#'H*77#"6H:&1#+-#5+567*($+"'#*"4#.*5($%&#$"4$%$46*7'#$"#.+"(1+77&4#.+"4$($+"'=#R,&#51+2&.(#I*'#












G# *441&''# (,&# -$1'(# (I+# _6&'($+"'# $"#P,*5(&1# DK#I,&1&# G# &%*76*(&# (,&# *:$7$(;# +-# *"# &5$4&1H*7#

















+-# (,&'&# 5+567*($+"'# I&1&# $"# P6H:1$*# /!1*$K# DEE]0K# I,$.,# *7'+# ,*'# (,&# H+'(# "*((&12*.3#
5+567*($+"'#+-#*";#89#.+6"(;#/T&&:&&#S#T6.37&;K#DEFDK#$"#51&''0K#G#.,+'&#P6H:1$*#*'#(,&#:*'&#
-+1# (,$'#51+2&.(=#?;#+1$)$"*7#57*"#I*'#(+# $"(&"'$%&7;#H+"$(+1#*"4#.+H5*1&#*#'H*77#"6H:&1#+-#
!-`5+'$($%&# *"4# !-`"&)*($%&# 5+567*($+"'=# G# $"$($*77;# '&7&.(&4# -+61# 5+567*($+"'# $"# "+1(,&1"#
P6H:1$*#/?*I:1*;K#A$77+(,K#V16"&#*"4#!"(,+1"0=#!-#,*4#:&&"#4&(&.(&4#*(#?*I:1*;#*"4#A$77+(,#
/X&7(1&1#S# P6""$"),*HK# DEEb0# :6(# "+(# *(# V16"&# +1# !"(,+1"# /!1*$K# DEE]0=# R,&'&# 5+567*($+"'#
I&1&# *7'+# '&5*1*(&4# :;# 6"'6$(*:7&# ,*:$(*(# *"4# (,+6),(# 6"7$3&7;# (+# $"(&1*.(K# 6"7$3&#H*";# $"#
'+6(,&1"#P6H:1$*#I,$.,#*1&#5++17;#'&5*1*(&4#*"4#H*;#*.(#*'#*#7*1)&#H&(*5+567*($+"=#
#
R,&# +1$)$"*7# 57*"# I*'# *7(&1&4# I,&"# $(# :&.*H&# *55*1&"(# $"# DEE^# (,*(# "*((&12*.3'# I&1&# (++#
'.*1.&# *(# A$77+(,# -+1# '6--$.$&"(# '*H57&# .+77&.($+"=# !..&''# (+# !"(,+1"# I*'# 4&"$&4# 46&# (+#
7*"4+I"&1#.+".&1"'#*:+6(#(1*"'-&1#+-#!-#:&(I&&"#'$(&'=#!7(&1"*($%&#5+567*($+"'#I&1&#'&7&.(&4#
(+# 1&57*.&# A$77+(,# /A&77*-$&740# *"4#!"(,+1"# /T+I"&''`+"`A+7I*;0=#M*((&12*.3'# *(# A&77*-$&74#,*4#
(&'(&4# !-`5+'$($%&# $"# DEE\# *"4# (,&# 5+567*($+"# *(# T+I"&''# I*'# *# 1&.&"(# $"(1+46.($+"# -1+H#
!"(,+1"K#I,$.,#(&'(&4#"&)*($%&#$"#DEEb#/!1*$K#DEE]0=#A&77*-$&74#I*'#(++#4$'(*"(#-1+H#(,&#51+2&.(#
:*'&# (+# *77+I# .*5(61&`H*13`1&.*5(61&# /P?Q0# I+13# +"# *467('# /P,*5(&1# [0# :6(# G# I*'# *:7&# (+#
.+77&.(# +(,&1# 6'&-67# 4*(*# -1+H# (,$'# '$(&=# R,&# P?Q# '(64;#I*'# '6..&''-67# *(# (,1&&# '$(&'#I,&1&#
*467(# "*((&12*.3'# (+*4'#I&1&# $"(&"'$%&7;#H+"$(+1&4# 461$")# DEE^`DEFFL#?*I:1*;K# V16"&# *"4#


















G# -+77+I&4# '(1$.(# :$+'&.61$(;# )6$4&7$"&'# *)1&&4# :;# M*(61*7# N")7*"4K# !H5,$:$*"# *"4# Q&5($7&#
P+"'&1%*($+"# /!QPL# -+1H&17;# (,&# U&15&(+7+)$.*7# P+"'&1%*($+"# R16'(K# UPR0K# X1+)7$-&# *"4# (,&#
G"'($(6(&#+-# O++7+);#*(# (,&#O++7+)$.*7# A+.$&(;#+-# B+"4+"# /OAB0=# R,&'&#)6$4&7$"&'# *1&# *%*$7*:7&#
-1+H#(,&#!H5,$:$*"#*"4#Q&5($7&#V1+65'#+-#(,&#89#/!QV#89K#DEE]0=#
#
?;# 51+2&.(# $".764&4# *.($%$($&'# I$(,# *# ,$),# 1$'3# +-# 4$'&*'&# (1*"'-&1K# *..+14$")# (+# (,&# !QV#
)6$4&7$"&'K# '6.,# *'# (1*"'5+1(*($+"# +-# 7$%&# "*((&12*.3'# -1+H#!-`5+'$($%&# '$(&'# (+# &C5&1$H&"(*7#
-*.$7$($&'# '&%&1*7# 3$7+H&(1&'# *I*;# /'&&# P,*5(&1'# D# S# c0=# P*5($%&# "*((&12*.3'# -1+H# 4$--&1&"(#
5+567*($+"'# I&1&# ,+6'&4# $"# '&5*1*(&# %$%*1$*# *"4# 1&7&*'&4# *(# (,&$1# .*5(61&# 7+.*($+"'=# !77#
&_6$5H&"(# *"4# -++(I&*1# I&1&# 4$'$"-&.(&4# :&-+1&# *"4# *-(&1# 6'&# I$(,# W$13+"# /FEH)oH70=# R+#
























!"#$"%&'%&(#$)*+, -./-$'0"#)-)1# /!-0# $'# *# I$4&'51&*4# *H5,$:$*"# 5*1*'$(&# I,$.,# 51+46.&'# *##
-1&&`'I$HH$")# f++'5+1&# (+# $"-&.(# "&I# ,+'('=# N%$4&".&# -1+H# "*((&12*.3# (+*4'# /!*2', %"3"+)#"0#
'6))&'('# (,&#*.($%$(;# *"4# 4&(&.(*:$7$(;#+-#!-# $"-&.($+"'# $'# :++'(&4# :;# $HH&1'$+"# $"#I*(&1=#!467(#
"*((&12*.3'#I&1&#H+1&#7$3&7;#(+#(&'(#5+'$($%&#I,&"#.*5(61&4#$"#I*(&1#461$")#(,&#'5*I"$")#'&*'+"#
*"4# (,&1&# I*'# *"# $".1&*'&# $"#!-, 4&(&.($+"# *"4# !-# '.+1&'# $"# (+*47&('# -+77+I$")# 1*$"=# G"-&.(&4#
$"4$%$46*7'#'6:2&.(&4#(+#I&(#*"4#41;#.;.7&'#$"#.*5($%$(;#I&1&#H+1&#7$3&7;#(+#(&'(#"&)*($%&#461$")#41;#








R,&'&# .;.7&'#H*;# :&# 7$"3&4# (+# &"%$1+"H&"(*7# -*.(+1'# :6(# &%&"# $"#I&77`'(64$&4# ';'(&H'K# $(# $'#
4$--$.67(# (+#51&4$.(#I,&"#+6(:1&*3'#I$77#+..61# /@+I&77K#DEFD0=# G(# $'#3"+I"#(,*(#5*(,+)&"'#.*"#
+"7;# 5&1'$'(# $"# ,+'(# 5+567*($+"'# $-# *# (,1&',+74# 7&%&7# +-# (1*"'H$''$+"# $'# *.,$&%&4=# !7(,+6),#
1&.&"(7;# 4$'.+%&1&4# /B+").+1&#S# <&''$&1K# F^^^0# *"4#5++17;# 6"4&1'(++4K# (,&# .,;(1$4$+H;.&(&#
!"#$"%&'%&(#$)*+,-./-$'0"#)-)1#/!-0#$'#*#5*1*'$(&#+-#*H5,$:$*"'#*"4#H6'(#+:&;#(,$'#167&=#!'#*#
I$4&7;`4$'(1$:6(&4#5*(,+)&"K#!-#H6'(#,*%&#&--$.$&"(#'(1*(&)$&'#-+1#(1*"'H$''$+"=#
G".1&*'&'# $"# $"-&.($+"# 7&%&7'# I$(,$"# 5+567*($+"'# (&"4# (+# .+$".$4&# I$(,# 5&*3'# $"# 4$'&*'&#
(1*"'H$''$+"=#P+"'&_6&"(7;K#H+"$(+1$")#+-#'&*'+"*7#$"-&.($+"#4;"*H$.'#.*"#51+%$4&#.76&'#*'#(+#
,+I#*#4$'&*'&#$'#:&$")#H*$"(*$"&4#I$(,$"#*#5+567*($+"=#R,$'#'(64;#I*'#6"4&1(*3&"#*'#5*1(#+-#*#








(,&# '51$")K# :6(# (,&;#H$),(#,*%&#:&&"# $"-&.(&4#:;#+(,&1# .*5($%&# *H5,$:$*"'# /P6""$"),*H#S#
X&7(1&1K#DEEb0=#R,&1&#I&1&#"+#1&.+14'#+-#(&'('#-+1#!-#*H+")#"*((&12*.3#'5*I"#+1#(*45+7&'=#





FEEg# 1&7$*:7&=# N%&"# I,&"# '61%&;'# $".764&# ,$'(+7+)$.*7# &C*H$"*($+"# +-# ($''6&# '*H57&'K# -*7'&#
"&)*($%&'#.*"#+..61K#1&'67($")#$"#6"4&1&'($H*(&'#+-#(16&#$"-&.($+"#51&%*7&".&=#
h"&# 5+(&"($*7# 7$H$(*($+"# +-# (,&# 'I*:# (&'(# $'# %*1$*($+"# $"# '&"'$($%$(;=# ?+'(# 1&'&*1.,&1'# ,*%&#
*((1$:6(&4# %*1$*($+"# $"# 7&%&7'# +-#!-# 4&(&.($+"K# *''&''&4# 6'$")# 'I*:'K# (+# .,*")&'# $"# $"-&.($+"#
'(*(6'=#R,&#51+5+1($+"#+-#*"$H*7'#(&'($")#5+'$($%&#$'#+-(&"#4&'.1$:&4#*'#k!-,51&%*7&".&l=#R,$'#$'#*#
4*")&1+6'# *''6H5($+"K# '$".&# (,&1&#H*;# :&# +(,&1# 1&*'+"'# -+1# *"# $".1&*'&# $"# (,&# "6H:&1# +-#
5+'$($%&#1&'67('K#'6.,#*'#*#.,*")&#$"#$"-&.($+"#*.($%$(;#+1#7+*4=#AI*:#(&'('#I+13#:;#4&(&.($")#!-#
@M!# +"# (,&# '61-*.&# +-# (,&# '3$"=# R,&# $"-&.($+6'# '(*)&# +-#!-# $'# *# f++'5+1&K# I,$.,# H*;# "+(#
.+"($"6+6'7;# &H&1)&# -1+H# $"-&.(&4# *"$H*7'=# AI*::$")# H*;# "+(# 4&(&.(# (,&# 1&51+46.($%&##
7$-&`'(*)&'#+-#!-#/f++'5+1*")$*0#I,$.,#*1&#&".;'(&4#I$(,$"#(,&#&5$4&1H$'=#
G#,*4#1&*'+"#(+#'6'5&.(#!-,I+674#:&#*:7&#(+#1&'5+"4#(+#.+"4$($+"'#&C(&1"*7#(+#(,&#,+'(#*"4#-+1#
f++'5+1&# &H&1)&".&# (+# $".1&*'&# 65+"# .+"(*.(# I$(,# I*(&1=# !..+14$")# (+# V7&*'+"# *"4# B$72&#
/DEE^0K# $(# $'#5+''$:7&# -+1#f++'5+1&'# (+#&".;'(#I$(,$"#f++'5+1*")$*#:&-+1&#1&7&*'&K# $"#+14&1# (+#
*%+$4#6"-*%+61*:7&#&"%$1+"H&"('=#!-# f++'5+1&'#*1&#*_6*($.#*"4#3$77&4#:;#41;$")# />+,"'+"#.#,
"3K#DEEc0K#'+#&H&1)&".&#$"#41;#.+"4$($+"'#I+674#:&#*#H*7*4*5($%&#I*'(&#+-#1&'+61.&'=#
R+# (&'(#H;#,;5+(,&'$'# (,*(# $HH&1'$+"# $"#I*(&1#I+674# (1$))&1# (,&#*.($%$(;#+-#!-, $"-&.($+"'K# G#
&C5+'&4#.*5($%&#*467(#"*((&12*.3'#(+#.;.7&'#+-#I&(#*"4#41;#.+"4$($+"'=#R+#(&'(#-+1#5&1'$'(&".&#+-#
$"-&.($+"'#*.1+''#;&*1'K#G#(&'(&4#.*5($%&#"*((&12*.3#(+*47&('#-+1#!-#:&-+1&#*"4#*-(&1#,$:&1"*($+"=#







A3$"# 'I*::$")# -+77+I&4#:;# 1&*7`($H&#<PQ# /1(`<PQ0# *"*7;'$'#+-# (,&# 'I*:'#I*'#*4+5(&4#*'# (,&#
'(*"4*14#H&(,+4# -+1#4&(&.($+"#*"4#H&*'61&H&"(#+-# (,&#_6*"($(;#+-#!-,@M!#+"# (,&# '3$"#+-#






(*1)&(# 1&'67(&4# $"# *# %&1;# '&"'$($%&# (&'(K# *'# (,&# GRA`F# 1&)$+"# ,*'# *# ,$),# .+5;# "6H:&1=# !"#
&C(1*.($+"#51&5*1&4#-1+H#+"&#!-#f++'5+1&#I+674#:&#&C5&.(&4#(+#.+"(*$"#'&%&1*7#.+5$&'#+-#(,&#
GRA`F# 1&)$+"# '&_6&".&=# !..+14$")# (+# T+;7&#.#, "3# /DEE[0K# (,&# (&'(# $'# .*5*:7&# +-# 4&(&.($")# E=F#
)&"+H$.#&_6$%*7&"('#/VN0#+-#!-#@M!=#
#
@M!#I*'#&C(1*.(&4# -1+H# '*H57&'#6'$")# (,&# -+77+I$")#H&(,+4=# N*.,# 'I*:# /+1# ($''6&# '*H57&0#
I*'# (1*"'-&11&4# $"(+# *# F=aH7# N55&"4+1-# .+"(*$"$")# <1&5?*"# 87(1*# *"4# f$1.+"$6Ho'$7$.*#
H$.1+:&*4'=#R,&#(6:&'#I&1&#',*3&"#-+1#^E'#6'$")#*#:&*4:&*(&1#(+#H*.&1*(&#(,&#'*H57&'#*"4#
.&"(1$-6)&4# -+1#cE'# *(# F[KaEE# 15H=#R6:&'#I&1&# (,&"#,&*(&4# (+# FEEpP# -+1#FEH$"K# *77+I&4# (+#
.++7K#.&"(1$-6)&4#*)*$"#*"4#(,&#'65&1"*(*"(#/&C(1*.($+"0#.+77&.(&4=#G"#+14&1#(+#5&1-+1H#(,&#1(`





I*'# *44&4# (+# &*.,#I&77=# R,$'# .+"(*$"&4# R*_H*"#8"$%&1'*7#?*'(&1?$CK# -+1I*14# *"4# 1&%&1'&#




(+#&*.,#+-# (,&# -+61# '(*"4*14'K# 576'# (I+# -+1# *#:7*"3#4UDE# .+"(1+7=# G".76'$+"#+-# '(*"4*14'# *"4#
.+"(1+7'#7&-(#]b#I&77'#-1&&#(+#(&'(#[c#'*H57&'#(I$.&#$"#&*.,#57*(&=#
! "#
!"*7;'$'# +-# (,&# 57*(&#I*'# .+H57&(&4# 6'$")# *"# !TG# A;'(&H'# 1(`<PQ#H*.,$"&K# 51+)1*HH&4# (+#
.*7.67*(&# !-# @M!# _6*"($(;# -+1# &*.,# '*H57&# -1+H# (,&# 1&-&1&".&# '(*"4*14'=# A6..&''-67#
*H57$-$.*($+"#+-#(*1)&(#@M!#I*'#4&(&.(&4#:;#*#.,*")&#$"#'$)"*7#-1+H#(,&#-76+1&'.&"(`7*:&77&4#





57*(&'# I$(,# '6:`'(*"4*14# 1&)1&''$+"'# /qE=^# Q
D
0# 1&5&*(&4=# A*($'-*.(+1;# 1&'67('# I&1&# 6'&4# (+#
H*3&#*# -$"*7# .*7.67*($+"#+-#!-, '.+1&# -+1#&*.,# '*H57&# -1+H# (,&#H&*"# 1&'67(# +-# (,&# (I+#I&77'#




N'($H*(&'# +-# !-# @M!# _6*"($(;# I&1&# 4&1$%&4# -1+H# *77# '*H57&'# ',+I$")# &%$4&".&# +-#
*H57$-$.*($+"=#?+'(#!-#'(64$&'#(+#4*(&K# $".764$")#(,$'#+"&K#,*%&#6'&4#*#(,1&',+74#+-#E=F#VN#(+#
.7*''$-;#'*H57&'#*'#5+'$($%&#+1#"&)*($%&=# G"# (,$'#'(64;K# (,&#&'($H*(&4#_6*"($(;#+-#!-#@M!#I*'#
*7'+#*"*7;'&4#*'#*#.+"($"6+6'#%*1$*:7&=#R,$'#k!-#'.+1&l#I*'#7+)`(1*"'-+1H&4#:&-+1&#*"*7;'$'#(+#




-+1# (,&# 51&'&".&# +-# <PQ`$",$:$($+"=# R,&'&# '*H57&'# I&1&# '&7&.(&4# (+# .,&.3# (,*(# +:'&1%&4#
5*((&1"'#$"#!-#4&(&.($+"#4*(*#I&1&#"+(#'561$+6'7;#)&"&1*(&4#:;#&"%$1+"H&"(*7#.+"(*H$"*"('#






!"# &C5&1$H&"(# I*'# *7'+# 6"4&1(*3&"# (+# *''&''# (,&# &--&.($%&"&''# +-# N"%$1+"H&"(*7# R*_H*"#









A*H57&# (*1)&('# I&1&# '&(# :&-+1&# *((&H5($")# (+# 4&(&.(# !-# $"# I$74# *H5,$:$*"# 5+567*($+"'=#





# # # # # 7+)#/F`#<0#
<#i#F#Y#/F`#<50
/




R,&#51+5+1($+"#+-#"*((&12*.3'# (&'($")#5+'$($%&# $"#&*17$&1#'61%&;'#I*'#%*1$*:7&# /P6""$"),*H#S#




DEE^`DEFF=# R,&'&# 5+567*($+"'# /?*I:1*;K# V16"&# *"4# T+I"&''`+"`A+7I*;0# I&1&# .+"'$4&1&4#
6"7$3&7;#(+#$"(&1*.(#*'#(,&;#I&1&#'&5*1*(&4#:;#6"'6$(*:7&#,*:$(*(#/-+1#7+.*($+"'K#'&&#P,*5(&1#FK#




































G# '6'5&.(&4# H*";# *467(# "*((&12*.3'# I,$.,# (&'(&4# "&)*($%&# $"# (,&# I$74# *-(&1# (,&# '5*I"$")#
'&*'+"#/+1#$"#41;#.+"4$($+"'0#I&1&#'($77#$"-&.(&4#I$(,#!-#:6(#(&'(&4#"&)*($%&#46&#(+#*#4&.7$"&#$"#






:&&"# 1&.+14&4#&7'&I,&1&# $"# (,$'# '(64;# *"4# :;#!1*$# /DEE]0=# A(1$.(# :$+'&.61$(;# 51&.*6($+"'# /'&&#
P,*5(&1#FK#5F^0#I&1&#6"4&1(*3&"#(+#51&%&"(#.1+''`.+"(*H$"*($+"#:&(I&&"#(+*4'#*"4#&_6$5H&"(#






























3&5(# $"# )1+65'# /"#i#Fa0# $"#F#H
D
K# +5&"`(+55&4#&".7+'61&'# $"# .+*'(*7# 46"&#,*:$(*(# *I*;# -1+H#
5+"4'=# N".7+'61&'# I&1&# -61"$',&4# I$(,# *1($-$.$*7# 1&-6)$*# *"4# I*(&1# 4$',&'# -$77&4# I$(,#
4&.,7+1$"*(&4# (*5I*(&1=# R+*47&('# I&1&# -&4# "-, 3)0)#*+# I$(,# ,*(.,7$")# .1$.3&('# /4%&.#",














41;# 5,*'&# I*'# -+77+I&4# :;# *# (,1&&# 4*;# I&(# 5,*'&K# (+# '&&# $-# I&(# .+"4$($+"'# I+674# (1$))&1# *"#









M*((&12*.3# '5*I"# *"4# (*45+7&'# -1+H# -+61# '$(&'# /A&77*-$&74K# ?*I:1*;K# V16"&# *"4##
T+I"&''`+"`A+7I*;0# I&1&# '*H57&4# -+1# !-# @M!# $"# DEE^=# R,1&&# '(*)&'# +-# 51&`H&(*H+15,$.#
4&%&7+5H&"(# /'&&# V+'"&1K# F^bE0# I&1&# '*H57&4# $"# *"# *((&H5(# (+# 4&(&.(# *"4# H&*'61&# (,&#
_6*"($(;# +-# !-# @M!# 51&'&"(L# '5*I"K# I&77`4&%&7+5&4# (*45+7&'# I$(,# 3&1*($"$'&4# H+6(,5*1('#
/V+'"&1# '(*)&#cb0# *"4#H&(*H+15,+'$")# (*45+7&'#I$(,# *77# -+61# 7$H:'#*"4#*# (*$7# '(6:# /V+'"&1#







I,&1&# +"7;# "*((&12*.3# '5*I"# ,*4# :&&"# 1&.+14&4=# R*45+7&'# I&1&# &6(,*"$f&4# 6'$")# ?A`DDD#
65+"#.*5(61&=#A5*I"#*"4#(*45+7&#'*H57&'#I&1&#'(+1&4#$"#\Eg#&(,*"+7=#A,+1(#'&.($+"'#+-#&*.,#





!#'51$")#5&*3# $"#5+'$($%&#!-# (&'('#+..611&4# # $"#*77# (,1&&#"*((&12*.3#5+567*($+"'#'(64$&4K# $"#*77#
(,1&&# ;&*1'# /R*:7&# D=F# *"4# X$)# D=F0=# !7(,+6),# (,&# H+"$(+1$")# 5&1$+4# I*'# :1$&-K# (&'('# -+1# *#










# # V16"&# ?*I:1*; T+I"&'' !BB
t&*1# ?+"(, "# g " g " g# "# g
DEE^# !51# c[# F[=\ b Fb=\ E M!# [E# Fa=E
DEE^# ?*;# [E# [\=a c^ D]=D c[ a=^# FFc# D]=c
DEE^# >6"# \# [D=^ Fc Fa=[ FD ]=c# cD# F]=]
DEE^# >67# F^# E=E ^ E=E D] E=E# ab# E=E
DEE^# !6)# b# E=E F^ E=E \ E=E# cD# E=E
DEE^# A&5# b# E=E ^ E=E F E=E# Fb# E=E
DEFE# !51# cc# c=E c\ F]=^ ] E=E# \]# FE=c
DEFE# ?*;# DF# c]=F D[ bD=a DF [=]# bb# cb=[
DEFE# >6"# FE# [E=E Fa [b=\ c E=E# D]# c^=c
DEFE# >67# FD# E=E Fa E=E Fc E=E# [E# E=E
DEFE# !6)# c# E=E ^ DD=D a E=E# F]# FF=F
DEFE# A&5# F# E=E D E=E D E=E# [# E=E
DEFF# !51# D]# cD=F cF []=[ [ E=E# bc# c]=F
DEFF# ?*;# c\# [c=D D^ ]D=] F] a=b# ][# []=]
#
G#6'&4#(,&#*6(+.+11&7*($+"#-6".($+"#/!PX0#$"#Q#/'&&#P1*I7&;K#DEE\0#(+#(&'(#-+1#*#'$)"$-$.*"(#.;.7&#































































































































P+&--$.$&"('# N'($H*(& A=N= (`%*76& 5q(`%*76&
G"(&1.&5(# \=]b D=FE c=\a# E=EEE^
'$"/($H&uDu5$0##### [=]a D=^F F=bb# E=FE]F









/\]oDb^0# (,*"# 7*"4# /FEo]]0# '*H57&'# /P,$#
D
# i# FE=F\K# 4-# i# FK# 5qE=EEF0# I,&"# '*H57&'# -1+H# *77#
5+567*($+"'#I&1&#.+H:$"&4=#M*((&12*.3# (+*4'#I&1&#H+1&# 7$3&7;# (+# (&'(#5+'$($%&# -+1#!-# $-# (,&;#










!-# I*'# 4&(&.(&4# *H+")# (+*47&('# -1+H# :+(,# 5+567*($+"'K# *7+")# I$(,# 1*5$4# $".1&*'&'# $"#!-#



























































































@*;# F# D# a# b \ ] FF FD Fc# F[# F\
R+*4# e&(# @1;# @1;# e&( e&( @1; @1; e&(# e&(# @1;# @1;
F# D[F=c# E=E# Fab=c# c]=[# ]D=[# E=E# E=E# F[F=c# DD =^E# cD =^]# E=E#
D# E=b# E=E# E=E# F=E# c=b# E=E# E=E# c\=F# D^=b# E=E# E=E#
c# E=E# E=E# E=E# c= #^ [=F# F=E# E=E# [=a# E=E# E=E# E=E#
[# E=E# E=c# [=E# FE[=b# ]a=a# E=E# [D=F# F[=b# DE=^ # c=]# F=\#
a# ^ED=F# F[=E# E=E# FFa\=]# c^[D=[# DbFF\=[# bbD =^c# c^ac=D# FE^F=F# c^]=F# @N!@#





X$C&4#&--&.('# N'($H*(&# A=N= f`%*76& 5qf`%*76&#
G"(&1.&5(# E=DEa# E=\c[ E=D\^ E=\]E#




H+4&7# I*'# 6'&4# (+# &'($H*(&# (,&# H&*"# 7$3&7$,++4# +-# 4&(&.($+"# 461$")# I&(# /E=^D\0# *"4# 41;#




































R+*47&(# @1;# @1;# @1; @1; e&( e&(# e&(#
F# /E=E#Cb0# E=E E=E E=E E=E E=E# E=E
D# /E=E#Cb0# E=E E=E E=E E=E F=F# F^=a
c# /E=E#Cb0# E=E E=E E=E E=E E=[# D=b
[# /E=E#Cb0# E=E E=E E=E E=E E=E# E=E
a# /E=E#Cb0# E=E E=E E=E E=F E=E# a=F




!-# @M!#I*'# 4&(&.(&4# $"# '5*I"# *"4# (*45+7&# '*H57&'# /R*:7&# D=b0# :6(# _6*"($(*($%&#!-# '.+1&'#
I&1&#.+"'$'(&"(7;#7+I#$"#.+H5*1$'+"#I$(,#(,+'&#+-#*467(#"*((&12*.3'#+1#(+*47&('=#?*C$H6H#!-#








A&77*-$&74# ?*I:1*; V16"& T+I"&''#
5+'o"# g# 5+'o" g 5+'o" g 5+'o"# g
A5*I"# [oFD# cc=c# coFD Da=E [oFD cc=c FoFD# ]=c
Vcb# FobE# F=\# cobE a=E DobE c=c Eoca# E=E




'5*I"K# '6.,# *'# (,&# 7&+5*14# -1+)#6"/", <)<)./1# /W++14+6I#.#, "3K# DEFE0# *"4# '(+";# .1&&3# -1+)#
E)#'$)",F)3%'@))# /91$)&1#S#U&1+K# DEE\0=# R,$'# '(64;#I*'# (,&# -$1'(# (+# 1&5+1(# *# '$)"$-$.*"(# *""6*7#
.;.7&#+-#!-# 4&(&.($+"=# R,&# .;.7&# '6))&'(&4#"*((&12*.3#5+567*($+"'# .+674# '61%$%&#!-# $"-&.($+"#
*.1+''#;&*1'#*"4#(,*(#1&'&1%+$1'#+-#$"-&.($+"#I&1&#51&'&"(#*(#*77#'(64;#'$(&'=#
!# 7+I&1# 1*(&# +-# 4&(&.($+"# $"# "*((&12*.3'# .*5(61&4# +"# 7*"4# .+H5*1&4# (+# 5+"4'# .+674# :&#
&C57*$"&4#:;#*%+$4*".&#+-#(,&#$"-&.($+6'#7$-&`'(*)&#+-#!-,/*_6*($.#f++'5+1&'0=#U+I&%&1K# $-#(,&#
'I*:# (&'(# $'# *"# *..61*(&# $"4$.*(+1# +-# $"-&.($+"# 51&%*7&".&K# '+H&# (+*4'# )*$"&4# *"4# 7+'(#
$"-&.($+"'# +"# *# I&&37;# :*'$'# /'&&# !55&"4$C# F0=# !7(,+6),# 5+"4# &"(1;# 51+:*:7;# $".1&*'&'#
$"-&.($+"# 1$'3K# "+(# *77# +-# (,&'&# (1*"'$($+"'# I&1&# 7$3&7;# (+# 1&-7&.(# (16&# $"-&.($+"# '(*(6'=# !467('#
-+6"4# $"#I*(&1# *-(&1# >6"&# 1*1&7;# (&'(&4#5+'$($%&K# *"# $".+"'$'(&"(# 1&'67(# :6(#"+(# $-# 5+"4#%$'$('#
*-(&1#'5*I"$")#I&1&#(++#:1$&-#(+#:++'(#!-,*.($%$(;=#
G".1&*'&'# $"# !-# 4&(&.($+"# *"4# '.+1&'# $"# I$74# "*((&12*.3# (+*47&('# -+77+I$")# ,&*%;# 1*$"# I&1&#
.+"'$'(&"(# I$(,# H;# $HH&1'$+"# ,;5+(,&'$'# :6(# .+674# *7'+# :&# &C57*$"&4# :;# *"# $".1&*'&# $"#
(1*"'H$''$+"# 1*(&'=#e&(# .+"4$($+"'# 6"4&1# 5+"4'$4&# 1&-6)$*# 51+%$4&4# $4&*7# .+"4$($+"'# -+1#!-#










-+6"4# $".1&*'&4#!-# $"-&.($+"# 7+*4# $"#N6")&77*# (+11&"(# -1+)'# /D"*-"%#(3*1,.*/G.33./1)10#461$")#
(,&#*_6*($.#:1&&4$")#5,*'&=#T6(#%*1$*($+"#$"#$"-&.($+"#7+*4#.+674#"+(#&C57*$"#H;#+:'&1%*($+"'#




G(#I*'#"+(#5+''$:7&# (+#+%&1I$"(&1#*467('# $"# .*5($%$(;#:6(# $(# $'# 7$3&7;# (,&;#I$77# 1&(*$"# $"-&.($+"'#
+%&1#I$"(&1#$"#*#'$H$7*1#I*;#(+#(+*47&('=#h(,&1#4*(*#/P,*5(&1#c0#'6))&'(#$"-&.($+"#51&%*7&".&#$"#
I$74# *467('# .*"# 1&*.,#FEEgK#I$(,# $"-&.($+"'#+"7;#4&(&.(*:7&# *-(&1# &C(&"4&4#&C5+'61&# (+#I&(#
.+"4$($+"'=#!467('#-1&_6&"(7;#(&'(&4#5+'$($%&#-+1#!-#+"#-$1'(#.*5(61&#$"#(,&#'51$")#/'&&#!55&"4$C#
F0K# &%&"#I,&"# -+6"4# *7+"&# $"#&5,&H&1*7# 5+"4'=#M*((&12*.3# *467('# *"4# 26%&"$7&'#H*;# *.(# *'#
7+")`(&1H#1&'&1%+$1'#+-#!-#$"-&.($+"=#
#
M*((&12*.3# '5*I"# *"4# (*45+7&'# *7'+# (&'(&4# 5+'$($%&# -+1# !-# :6(# '.+1&'# 4$4# "+(# &C.&&4# (,&#
H*C$H6H# /F=]D# VN0# 1&.+14&4# -1+H# I*(&1# :;# A(+.3I&77# .#, "3# /DEFE0K# $"# *"# *((&H5(# (+#
4$--&1&"($*(&# :&(I&&"# :*.3)1+6"4# .+"(*H$"*($+"# *"4# $"-&.($+"=# Q*.,+I$.f# S# W1&4&":61)#
/DEE[0#.7*$H#!-#$"-&.($+"#+..61'#$"#6"/",+*1%'1"#(*45+7&'K#:6(#"*((&12*.3#(*45+7&'#*"4#'5*I"#
'&&H#6"7$3&7;#(+#57*;#*#H*2+1#1+7&#$",!-#(1*"'H$''$+"=#






@&(&.($+",+-#!-# $"#'5&.$&'#I,$.,#1*1&7;#%$'$(#I*(&1K#'6.,#*'# (,&# >&H&f#H+6"(*$"#'*7*H*"4&1#
?3.#&'-'/,/.'+.@)%"/*1# /P6HH&1#.#,"3K#DEEa0K#,*'#1*$'&4#_6&'($+"'#*:+6(#,+I#!-#*.,$&%&'#
(1*"'H$''$+"=#A$".&#(,&#+"7;#3"+I"#$"-&.($+6'#7$-&`'(*)&#+-#!-#$'#*_6*($.K#(,&#'*7*H*"4&1#H6'(#








G# 1&2&.(&4# 'I*::$")# *'# *# H&(,+4# -+1# &'($H*($")# $"-&.($+"# 51&%*7&".&# :6(# 1&(*$"&4# $(# *'# *#
(&.,"$_6&# -+1#*''&''$")# 7&%&7'#+-#!-#*.($%$(;=#@&'5$(&#%*1$*($+"#$"#'&"'$($%$(;K# 'I*:#(&'('#.+674#









!"#$"%&'%&(#$)*+, -./-$'0"#)-)1# /!-0# $'# *# 5*1*'$(&# +-#H*";# *H5,$:$*"'K# $".764$")# (,&# "*((&12*.3#
(+*4#/!*2',%"3"+)#"0=#M*((&12*.3'#$"#(,&#89#*1&#-+6"4#H*$"7;#$"#.+*'(*7#,*:$(*(K#I,&1&#5+"4'#*1&#
+-(&"# $"6"4*(&4#:;#,$),#($4&'=#A*7$"$(;#,*'#*#'(1+")# $"-76&".&#+"#!-#4;"*H$.'# $"# (,$'#&.+';'(&H=#
<+'$($%&# !-# 1&'67('# I&1&# 7&''# .+HH+"# -1+H# "*((&12*.3'# '*H57&4# $"# :1*.3$',# .+H5*1&4# (+#
-1&',I*(&1#5+"4'=#8'&#+-# $"(&1"*7#5+'$($%&#.+"(1+7'# /G<P'0#*"4#N"%$1+"H&"(*7#R*_H*"# .+"-$1H&4#
(,&#5*((&1"#I*'#"+(#46&#(+#<PQ`$",$:$($+"#:;#'*7('=#!-,$'+7*(&4#-1+H#"*((&12*.3',I*'#3$77&4#)/,8)#$'#:;#
*#'*7$"$(;#&_6$%*7&"(#(+#aEg#'&*I*(&1K#*#'*7$"$(;#I,$.,#*467(#"*((&12*.3'#.*"#(+7&1*(&=#R,$'#$'+7*(&#)1&I#
-*'(&'(#*(# 7+I#'*7$"$($&'K# 1*$'$")#(,&#5+''$:$7$(;# (,*(#!-# .*"#*7'+#*4*5(# (+#'*7$"$(;=#M&%&1(,&7&''K# ($4*7#













A&%&1*7# &"%$1+"H&"(*7# -*.(+1'# I,$.,# ,*%&# :&&"# ',+I"# (+# $"-76&".&# (,&# 51+:*:$7$(;# +-# !-#
4&(&.($+"#+1#4$'&*'&#/.,;(1$4$+H;.+'$'0#$"#*H5,$:$*"#5+567*($+"'=#R,&'&#$".764&#(&H5&1*(61&#
/T&1)&1# .#, "3K# DEE[0K# (,&# 51&'&".&# +-# I*(&1# /?615,;# .#, "3# DEFF0K# 61:*"# 5+776($+"# /B*"&# S#
T61)$"K# DEE]0K# 5&'($.$4&'# /Q+77$"'`AH$(,#S#@*%$4'+"K#DEFE0K# ,&1:$.$4&'# /V*,7#.#,"3K# DEFF0# *"4#
67(1*%$+7&(# /8W`T0# 1*4$*($+"# /h1($f`A*"(*7$&'(1*# .#, "3# DEFF0=# G"# '+H&# '(64$&'K# *42*.&"(#
5+567*($+"'# +-# (,&# '*H&# '5&.$&'# /&=)=# 6"/", +*1%'1"K# T1$))'# .#, "3K# DEFE0# ,*%&# 5&1'$'(&4#








I*'(&I*(&1'# .+674#:&# 7$H$($")# (,&# '51&*4#+-#!-# $"# '+6(,&1"#!6'(1*7$*=#e,$(&# /DEEb0# .7*$H&4#
*44$($+"# +-# '+4$6H# .,7+1$4&# /M*P70# (+# *# 5+"4# 1&'67(&4# $"# *# 1&46.($+"# $"#!-, $"-&.($+"# *"4#
H+1(*7$(;# $"# )1&&"# *"4# )+74&"# :&77# -1+)'# /E)#'$)", "*$."0=# @61$")# 4&%&7+5H&"(# +-# 4$'$"-&.($+"#
H&(,+4'# -+1#&_6$5H&"(K# >+,"'+"#.#,"3# /DEEc0# -+6"4#*#ag#M*P7#'+76($+"#3$77&4#FEEg#+-#!-# $"#














R,1&&# *551+*.,&'# I&1&# 6'&4# (+# $"%&'($)*(&# (,&# 1&7*($+"',$5# :&(I&&"# '*7$"$(;# *"4# !-# $"#
"*((&12*.3#(+*4'=#X$1'(7;K#G#&C57+1&4#-$&74#4*(*#(+#'&&#$-#(,&#51+5+1($+"#+-#(+*4'#(&'($")#5+'$($%&#
-+1#!-# %*1$&4#I$(,# 1&'5&.(# (+# (,&# '*7$"$(;#+-#5+"4'# $"#I,$.,# (,&;#I&1&# .*5(61&4=# A&.+"47;K# G#
(&'(&4# (,&# &--&.('# +-# -6")$.$4*7# (1&*(H&"('K# $".764$")# '*7$"$(;K# +"#!-# 'I*:# (&'(# '.+1&'# *"4#
'61%$%*7# $"# .*5($%&# "*((&12*.3'=# R,$147;K# G# .+77&.(&4# *"# $'+7*(&# +-# !-, -1+H# "*((&12*.3'# *"4#
H&*'61&4#$('#)1+I(,#*"4#'61%$%*7#)/,8)#$'#$"#1&'5+"'&#(+#$".1&*'$")#'*7$"$(;=#
#










G# .+77&.(&4#'I*:#'*H57&'# -1+H#*467(#"*((&12*.3'# /-+1#H&(,+4K#'&&#P,*5(&1#DK#5D[`Da0#*(# -+61#
.+*'(*7#'$(&'#$"#"+1(,&1"#P6H:1$*#/?*I:1*;K#V16"&K#T+I"&''`+"`A+7I*;#*"4#!"(,+1"0#461$")#











.+"46.($%$(;# /X+-+"+--#S#?$77*14K# F^]c0# .*"# :&# 6'&4# (+# 51&4$.(# '&*I*(&1# .+"(&"(=# 8"4$76(&4#
'&*I*(&1#*1+6"4#(,&#89#.+*'(#,*'#*#(;5$.*7#'*7$"$(;#+-#cD#55H#*"4#*"#*551+C$H*(&#.+"46.($%$(;#
+-# caKEEE#"A# /7+)#"A#FE=a0=#?+'(# $"7*"4#5+"4'# $"# (,$'# '(64;#,*4#*# .+"46.($%$(;#+-# bE`FaE#"A#
-+77+I$")#1*$"#:6(#"+#H+1&#(,*"#[EE#"A#461$")#41+6),('K#'6))&'($")#H*1$"&#'*7('#I&1&#51&'&"(#




G# .+H5*1&4# (,&# 51+5+1($+"# +-# (+*4'# (&'($")# 5+'$($%&# -+1#!-# $"# -1&',# %&1'6'# :1*.3$',# 5+"4'=#
A*H57&'#-1+H#(+*4'#.*5(61&4#+"#7*"4#/sa#H#-1+H#*#5+"40#I&1&#&C.764&4#-1+H#(,&#*"*7;'$'K#*'#
&%$4&".&# /'&&# P,*5(&1# D0# '6))&'(&4# .1;5($.# $"-&.($+"# I+674# :&# .+HH+"# $"# '6.,# '*H57&'K#
1&'67($")#$"#f&1+#$"-7*($+"#+-#(,&#4*(*=#!(#(,1&&#'$(&'#/V16"&K#?*I:1*;#*"4#A*"4'.*7&0#&"+6),#
'*H57&'#I&1&#.+77&.(&4#(+#.+H5*1&#!-#4&(&.($+"#1*(&'# $"# -1&',#%&1'6'#:1*.3$',#5+"4'#I$(,$"#
5+567*($+"'# /R*:7&# c=D=0=# Q&'67('# -1+H# *77# 5+567*($+"'# I&1&# .+H:$"&4# (+# $776'(1*(&# (,&#







!"# &C5&1$H&"(# I*'# .*11$&4# +6(# (+# *''&''# (,&# &--&.('# +-# *# '(*"4*14# -6")$.$4*7# (1&*(H&"(#
/$(1*.+"*f+7&0#*"4#'*7$"$(;#/*'#*#5+(&"($*7#-6")$.$4&0#+"#!-#'.+1&'#*"4#H+1(*7$(;#$"#*467(#"*((&12*.3'=#
8'&#+-#_6*"($(*($%&#!-#'.+1&#I*'#$"(&"4&4#(+#51+%$4&#$H51+%&4#*"*7;($.*7#1&'+76($+"K#.+H5*1&4#(+#
























41;# 5,*'&=# R,&#I&(# 5,*'&#I*'# $".764&4# (+# *77+I#!-# (+# :&.+H&#H+1&# *.($%&# $"# (+*4'#I,$.,#
I&1&#"+(# '6:2&.(&4# (+# *"#&--&.($%&# -6")$.$4*7# (1&*(H&"(=#h(,&1#&C5&1$H&"('# /P,*5(&1#D0#,*4#






























G# '(*"4*14$'&4# (,&#&--&.(#+-#5+567*($+"#:;#4$'(1$:6($")# (+*4'#&%&"7;# *.1+''# (1&*(H&"(#)1+65'##
/"#i#Fb#5&1#(1&*(H&"(0=#!77#(+*4'#I&1&#'I*:`(&'(&4#-+1#!-#:&-+1&#(1&*(H&"('#:&)*"=#@61$")#(,&#




@61$")# (,&#I&(#5,*'&#*77# %$%*1$*#I&1&# 3&5(# -$77&4#I$(,#4&.,7+1$"*(&4# (*5I*(&1# (+# *#4&5(,#+-##
FE#HH=#R,$'#I*'#(,&#'(*"4*14#(1&*(H&"(#-+1#.+"(1+7#)1+65#(+*4'K#I,$.,#I&1&#(1&*(&4#&C*.(7;#
(,&# '*H&# *'# (,&# +(,&1# (I+# )1+65'K# &C.&5(# (,*(# (,&;# I&1&# "+(# '6:2&.(&4# (+# *";# -6")$.$4*7#
(1&*(H&"(=# !77# (+*4'# I&1&# 51+%$4&4# I$(,# *# 57*(-+1H# (+# *77+I# *%+$4*".&# +-# .+"($"6+6'#
$HH&1'$+"=#N*.,#%$%*1$6H#I*'#&H5($&4K#4$'$"-&.(&4#*"4#1&`-$77&4#(I$.&#461$")#(,&#I&(#5,*'&=#
#
!# (1&*(H&"(# 1&)$H&# -+1# (,&# $(1*.+"*f+7&# )1+65#I*'#*551+%&4#:;#*# %&(&1$"*1$*"=# R+*4'#I&1&#

















($H&#<PQ# /'&&#P,*5(&1#DK# 5DD0=#!-# 4&(&.($+"# $'# +-(&"#*''&''&4#I$(,# 1&-&1&".&# (+# *# '(*"4*14#
E=F#VN#(,1&',+74#-+1#*#5+'$($%&#1&'67(K#:6(#6'&#+-#_6*"($(*($%&#!-#'.+1&#.*"#$H51+%&#*"*7;($.*7#
1&'+76($+"=#!-#'.+1&'#(&"4#(+#:&#"+"`"+1H*77;#4$'(1$:6(&4K#I$(,#*#5+'$($%&#'3&I=#!..+14$")#(+#
P1*I7&;# /DEE\0K# '6.,# 4$'(1$:6($+"'# *1&# .+HH+"# $"# 5*1*'$(+7+)$.*7# 4*(*=# B+)`(1*"'-+1H*($+"#
/:*'&# &
C
0# I*'# -*$17;# &--&.($%&# *(# 1&H+%$")# '3&I# -1+H#!-# '.+1&# 4*(*# $"# (,$'# '(64;# /X$)=# c=F=0=#




















































$'+7*(&'# ,*%&# :&&"# .+77&.(&4# -1+H# *H5,$:$*"'# *"4# H*$"(*$"&4# $"# (,&# 7*:+1*(+1;# '$".&# (,&#
4$'.+%&1;#+-#!-#:;#B+").+1&#.#,"3#/F^^^0#:6(#$(#I*'#51&-&1*:7&#(+#+:(*$"#*"#$'+7*(&#-1+H#+"&#+-#




461$")# (,&# :1&&4$")# '&*'+"# +-# DEFEK# 6'$")# (,&#H&(,+4# 4&'.1$:&4# :;# B+").+1&#.#, "3# /F^^^0=#
G'+7*($+"#I*'#*((&H5(&4#6'$")#'*H57&'#-1+H#*#(+(*7#+-#FD#(+*4'#/&$),(#H*7&'#*"4#-+61#-&H*7&'0=#
!-# I*'# '6..&''-677;# $'+7*(&4# -1+H# -$%&# (+*4'L# -+61# H*7&'# *"4# +"&# -&H*7&=# R,&# (+*4'# I&1&#






































<+567*($+"# X1&',#"A# T1*.3$',#"A X1&',#5+'o" T1*.3$',#5+'o" P,$#
D
4-# 5q%*76&
V16"&# FF^# FDF\ bcoFba ^oaF b=a F# E=EFF
?*I:1*;# FaF# ^]D \coFc[ aocF Fc=[ F# E=EEF
T+I"&''# `# FFDE EoE boF[F M! M!# M!#
!"(,+1"# `# cb]\ EoE EobD M! M!# M!#
!""*'$4&# D\a# ` Fob EoE M! M!# M!#
T1*;'(+"&'# Fb^# ` Fo] EoE M! M!# M!#
@1$))# D[D# ` aocE EoE M! M!# M!#
@6""&1,+7H&# D[b# Fac] Fo\ coDb M! M!# M!#
U*%&1$))# `# aFD[ EoE EoDb M! M!# M!#
A*"4'.*7&# [Fa# ^Da FcoF] ]oD[ [=\b F# E=ED^
A*"4'$4&## `# cEDE EoE coDa M! M!# M!#
!'3*H# [[F# ` Do] EoE M! M!# M!#
A+6(&1)*(&# `# c\^a EoE Eoa M! M!# M!#


































?*1$"&# '*7('# $".764$")# '+4$6H#.,7+1$4&# /M*P70# .*"# $",$:$(# *H57$-$.*($+"#+-# (*1)&(#@M!#461$")#






R,&# 1&'67('# '6))&'(&4# <PQ# $",$:$($+"# .+674#H*'3# (,&# 51&'&".&# +-#!-# @M!# $"#H*";# '*H57&'#
I,&"#6'$")#'(*"4*14#1&*)&"('=#R+#(&'(# (,$'K# (,&#'*H57&'#I&1&#1&`(&'(&4#6'$")#N"%$1+"H&"(*7#














A*H57&# "# G",$:$($+"#Rd# G",$:$($+"#Nd## Rd#5+'# Nd#5+'## P,$#
D
# 4-# 5q%*76&#
T1*.3$',K#5+"4# ]\# bEg# Eg# ]# F[# F=cE# F# E=Da[#
X1&',K#5+"4# [\# Fag# Eg# Dc# Db# E=FF# F# E=\cb#
T1*.3$',K#7*"4# cE# bcg# Eg# E# D# M!# M!# M!#
X1&',K#7*"4# D]# D^g# Eg# D# [# M!# M!# M!#
!BB# F^D# [ag# Eg# cc# [b# D=D^# F# E=FcE#
#
8'&#+-#Nd#1&'67(&4#$"#*"#$".1&*'&4#1*(&#+-#!-,4&(&.($+"#$"#*77#)1+65'#:6(#(,&'&#4$--&1&".&'#I&1&#














c=[=0=# M&)*($%&# (&'('# -1+H# ^o[]# /F^g0# +-# $"4$%$46*7'# :&-+1&# (1&*(H&"('# :&)*"# 51+%$4&4#
*44$($+"*7#&%$4&".&#+-#.1;5($.#$"-&.($+"#I$(,#1&'5&.(#(+#(,&#'I*:#(&'(#/'&&#P,*5(&1#D0=#
#
!'# 51&4$.(&4K# !-, '.+1&'# 1+'&# 461$")# (,&# I&(# 5,*'&# :6(# 4$4# "+(# *55&*1# (+# 4&.1&*'&# $"# 41;#





(,&# *"*7;'$'K# :;# 6'$")# (,&# 5+'(`(1&*(H&"(# 7+)#!-#H&*"# '.+1&'# -+1# (+*4'# *.1+''#I&(# *"4# 41;#
5,*'&'#I,&"#(&'($")#-+1#(1&*(H&"(#&--&.('=#R,&'&#'.+1&'#I&1&#*''6H&4#(+#1&51&'&"(#(,&#7&%&7#








































P*5(61&# @*;#c @*;#b @*;#^ @*;#Fc# @*;#F\# B+)#!-
H&*"##e&(# e&( e&(# e&( @1;# @1;#
F# G(1*.+"*f+7&# E=E# E=a E=E E=b E=E# F=b# E=cbb
D# G(1*.+"*f+7&# E=b# E=D E=E E=E F=D# E=E# E=F^[
c# G(1*.+"*f+7&# F=b# @N!@ M! M! M!# M!# M!
[# G(1*.+"*f+7&# b=b# F=D E=D E=E E=E# E=E# E=F^a
a# G(1*.+"*f+7&# a=D# E=a E=E E=E E=\# E=b# E=D]F
b# G(1*.+"*f+7&# FE=b# E=E E=[ Fb=F E=c# Fa=]# F=DaD
\# G(1*.+"*f+7&# a=c# E=E E=E E=E E=E# E=E# E=EE[
]# G(1*.+"*f+7&# a=D# F=F E=E E=E E=E# E=E# E=FaE
^# G(1*.+"*f+7&# FDc=^# ]\=c E=E E=E E=F# F=c# F=E\[
FE# G(1*.+"*f+7&# E=^# E=b E=b E=E F=E# E=]# E=[[[
FF# G(1*.+"*f+7&# FE=a# E=E E=E E=c E=E# E=E# E=EaD
FD# G(1*.+"*f+7&# E=E# E=E E=E E=E E=a# D=a# E=ccD
Fc# G(1*.+"*f+7&# c=F# c=a E=E cD=^ E=F# ]=b# F=[\F
F[# G(1*.+"*f+7&# E=E# E=c E=D \=c E=E# E=E# E=aFD
Fa# G(1*.+"*f+7&# E=E# a=a b=a a=D E=E# E=E# F=F[D
Fb# G(1*.+"*f+7&# DE\\=E# E=E E=D Fc=^ F\=D# E=E# F=Fa\
F\# A*7$"&# b=a# E=E E=F [=\ F=F# E=]# E=bcc
F]# A*7$"&# F=D# E=[ E=^ [=\ c\=a# D\D=]# D=c^b
F^# A*7$"&# E=c# E=[ E=E F=F D=D# E=E# E=[[]
DE# A*7$"&# E=E# E=E E=[ ^^=\ E=a# ba=D# F=^E^
DF# A*7$"&# F=E# E=E E=[ FE=F E=[# E=E# E=bFb
DD# A*7$"&# D\E=[# FEa=E D=D FbbD=] \[=\# aaE=D# [=\\b
Dc# A*7$"&# E=[# E=E E=a E=E E=E# E=E# E=E^F
D[# A*7$"&# E=D# E=b D=] FF[=F FEa=b# F[=\# D=\^a
Da# A*7$"&# ^a=^# E=b FF=\ FDb=[ c^=[# ]EE=E# c=b[^
Db# A*7$"&# Dc=F# D=[ E=E ^[=F [=\# FEc=^# D=[c[
D\# A*7$"&# FE=a# E=^ Fac]=a F[[=F \a=]# ]FbF=\# a=DbF
D]# A*7$"&# c=F# Da=] E=E D=] E=b# D=c# F=Da\
D^# A*7$"&# E=c# ]=F DD=c [[D=F Fa=]# F[a=F# c=]aF
cE# A*7$"&# E=E# Fc=E F=D [^E=a E=E# DF=E# D=a[\
cF# A*7$"&# aD=]# c^b=^ DEb=c DaaF]=E @N!@# M!## \=Fab
cD# A*7$"&# \aE=F# c=D ]]=b ^\b=E Da[=D# ^F=D# [=a\b
cc# P+"(1+7 E=E# E=E E=E ]=E E=E# E=E# E=[c^
c[# P+"(1+7 ^F=F# E=\ c=c D]c=F cF=]# @N!@# D=\]D
ca# P+"(1+7 F]c=[# F[=[ b=D \bcD=[ ]F=\# @N!@# [=aFb
cb# P+"(1+7 E=\# E=D E=^ F[cF=[ M! FD\^=\# c=]FD
c\# P+"(1+7 F=b# \=E [c=a @N!@ M! #M!# D=^c\
c]# P+"(1+7 Da=c# F=a E=] caD=E FaD=\# ^=]# D=^a\
c^# P+"(1+7 Fc=b# b\=a Fc=] [a]=a @N!@# #M!# [=caF
[E# P+"(1+7 F=^# E=E E=a FDcba=F ]b=a# bcE=F# [=F[^
[F# P+"(1+7 F=c# F=c E=D D=D Fb^=b# c=E# F=\[F
[D# P+"(1+7 [=c# F=E F=F a[c=E Dba=^# bD=c# c=[^[
[c# P+"(1+7 E=E# E=[ [=a a\c=D FDEa=a# Db=c# c=\a^
[[# P+"(1+7 F=[# [=^ ^Ec=[ \DF=] FF^b^=[# DD]=^# a=^^^
[a# P+"(1+7 Fca=a# Da=c b\]b=F @N!@ M! #M!# b=E[b
[b# P+"(1+7 E=\# E=E F=] cE=E aE=c# ]\=]# D=a\]
[\# P+"(1+7 E=E# E=E c=F FDF=D bE^=E# aa]=\# c=\^D







# i# DE=]bK# 4-# i# DK# 5qE=EEF0=# !# "+"`5*1*H&(1$.# +"&`I*;# *"*7;'$'# +-# %*1$*".&# -+6"4# *#
'$)"$-$.*"(#4$--&1&".&#:&(I&&"#(,&#1*"3'#+-#(,&#'.+1&'#$"#&*.,#)1+65#/916'3*77`e*77$'#'(*($'($.#i#
DD=E]K# "# i# [\K# 5qE=EEF0=# <+'(`,+.# .+H5*1$'+"'# /.1$($.*7# f# %*76&# i# D=c^K# 5qE=Ea0# +-# (,&#H&*"#
1*"3'#+-#(,&#'.+1&'#$"#&*.,#)1+65#',+I&4#$(1*.+"*f+7&#)1+65#'.+1&'#I&1&#7+I&1#(,*"#(,+'&#+-#






$"'6--$.$&"(#4*(*#I&1&#*%*$7*:7&# (+#&'($H*(&#'61%$%*7#.61%&'=#U+I&%&1K# $(#I*'#5+''$:7&# (+# (&'(#
(,&#&--&.(#+-#(1&*(H&"(#*"4#!-#'.+1&#+"#H+1(*7$(;K#6'$")#)&"&1*7$f&4#7$"&*1#H+4&7'#/VB?'0=#
#




































P+&--$.$&"('# N'($H*(&# A=N= f`%*76& 5qf`%*76&#
G"(&1.&5(# `\=D[]####### D=^DD## `D=[]E### E=EFc#




# VB?m##H+1(*7$(;#, 7+) !-H&*"K#:$"+H$*7
P+&--$.$&"('# N'($H*(&# A=N= f`%*76& 5qf`%*76&#
G"(&1.&5(# [=\F# F=[F c=ca E=EEF#










W1&4&":61)#.#,"3# /DEFE0# 1&5+1(&4#5+567*($+"#4&.7$"&'# $"#H+6"(*$"# ;&77+I`7&))&4# -1+)'#6"/",





































































































-+1# f++'5+1&'# (+# &".;'(#I$(,$"# f++'5+1*")$*# :&-+1&# 1&7&*'&K# $"# +14&1# (+# *%+$4# 6"-*%+61*:7&#
.+"4$($+"'=# B+").+1&# .#, "3# /F^^^0# 1&.+HH&"4# -76',$")# *)*1# 57*(&'# I$(,# 4$'($77&4# I*(&1# (+#
-*.$7$(*(&# ,*1%&'($")# +-# f++'5+1&'# -1+H# !-# .67(61&'=# !-# H*;# ',+I# *# 1*")&# +-# .,&H+(*.($.#
1&'5+"'&'=#R,&1&#$'#&%$4&".&#+-#.,&H+(*C$'#$"#!-#$"#+(,&1#'(64$&'=#B*H#.#,"3#/DEFD0#1&5+1(#(,*(#
!-# f++'5+1&'# *.($%&7;# *%+$4# *"($-6")*7#H&(*:+7$(&'# 51+46.&4# :;# :*.(&1$*=# T6.3#.#, "3# /DEFF0#




+-# (,&H#(&'(&4#"&)*($%&#+"#.*5(61&=#R,$'#.*'(# -61(,&1#4+6:(#65+"# (,&#1&7$*:$7$(;#+-# (,&#'I*:#
(&'(# *'# *#H&(,+4# -+1#4&(&1H$"$")#!-# 51&%*7&".&=# G(# 4$4#"+(K# ,+I&%&1K# 6"4&1H$"&# (,&#6'&#+-#
'I*:#(&'('#(+#4&(&1H$"&#7&%&7'#+-#!-#$"-&.($+"#*.($%$(;#/'&&#P,*5(&1#D0=#!7(,+6),#*#.,*")&#-1+H#
I&(#(+#41;#.+"4$($+"'#1&'67(&4#$"#*#41+5#$"#!-#'.+1&'#$"#+(,&1#&C5&1$H&"('#$(#4$4#"+(#+..61#,&1&=#
R,&#1&*'+"#-+1# (,$'#I*'#6".7&*1#:6(#*"#&C(&"4&4#I&(#5,*'&#H*;#,*%&#:++'(&4# $"-&.($+"'# (+#
7&%&7'#I,&1&#1&.+%&1;#I*'#"+#7+")&1#5+''$:7&K#+1#*#7+")&1#5&1$+4#+-#1&.+%&1;#I*'#1&_6$1&4=#
#
!'# 51&4$.(&4K# $(1*.+"*f+7&# I*'# *"# &--&.($%&# -6")$.$4*7# (1&*(H&"(# *"4# 1&H+%*7# +-#!-# ,*4# *#












R,&# 1&'67('# +-# (,&# )/, 8)#$'# &C5&1$H&"(# I&1&# "+(# 4$1&.(7;# .+H5*1*:7&# I$(,# -$&74# 4*(*K# *'#!-#
)1+I(,#*"4#'61%$%*7#I&1&#+"7;#*''&''&4#$"#*1($-$.$*7#H&4$*=#G"#(,&#I$74K#!-#4&(&.($+"#4&.7$"&4#*(#
*#7+I&1#'*7$"$(;#(,*"#I*'#'&&"#(+#7$H$(#)1+I(,#+-#!-#$"#.67(61&=#X*'(&'(#)1+I(,#*(#E=[[g#'*7$"$(;#
'6))&'(&4# '*7('# I&1&# *"# $H5+1(*"(# "6(1$&"(# -+1# !-=# R,$'# -$"4$")# I*'# +-# $"(&1&'(# (+# !-,
1&'&*1.,&1'#:&.*6'&#'*7('#I&1&#"+(#$".764&4#$"#(,&#"6(1$&"(#:1+(,#1&.$5&'#1&.+HH&"4&4#-+1#!-#




@&'5$(&# '+H&# 4$'.+14*".&# :&(I&&"# -$&74# *"4# &C5&1$H&"(*7# 1&'67('K# '*7$"$(;# $"-76&".&4# !-#
4&(&.($+"#7&%&7'#$"#(,&#I$74#*"4#!-,'61%$%*7#$"#.67(61&=#!#'*7$"$(;#+-##F=\ag#/&_6$%*7&"(#(+#aEg#
'&*I*(&1# $"#H+'(#.+*'(*7#5+"4'0#3$77'#!-,f++'5+1&'#*"4#I$77#51+:*:7;#1&'67(# $"#*# 1&46.($+"# $"#
(1*"'H$''$+"# 1*(&'# $"# (,&# I$74=# X+1# (,$'# 1&*'+"K# G# .+".764&# (,*(# '*7$"$(;#I$77# ,*%&# *# "&)*($%&#
&--&.(# +"# !-, $"-&.($+"# 51&%*7&".&=# !H5,$:$*"'# -+6"4# $"# H+1&# '*7$"&# ,*:$(*('K# '6.,# *'#
"*((&12*.3'#$"#,*7$"&#_6*11$&'#$"#A5*$"#/V+H&f`?&'(1&#S#R&2&4+K#DEEc0K#.+*'(*7#5+567*($+"'#+-#
)1&&"# (+*4'# *"4# .1*:`&*($")# -1+)'# $"# H*")1+%&# 'I*H5'K# H*;# :&# 7&''# 7$3&7;# (+# '6--&1# -1+H#
.,;(1$4$+H;.+'$'=#!..+14$")#(+#W+;7&'#.#,"3#/DEE^0K#(,&#.*6'&#+-#4&*(,#$"#*H5,$:$*"'#3$77&4#:;#
!-# $'# '+4$6H# *"4# 5+(*''$6H# 4&57&($+"K# I$(,# '3$"# 4*H*)&# :;#!-# 51&%&"($")# "+1H*7# '+4$6H#
65(*3&=#R,$'#4&57&($+"#H*;#:&#*..&7&1*(&4#$-#!-,"+1H*77;#6'&'#'*7('#-+1#)1+I(,#*"4#f++'5+1&#
&H&1)&".&=# Q&.+%&1;# -1+H# &7&.(1+7;(&# 4&57&($+"# H*;# :&# &*'$&1# (+# *.,$&%&# $"# :1*.3$',#
&"%$1+"H&"('K#I,&1&# '*7('# *1&#H+1&# *:6"4*"(=# G-# '*7$"$(;# ,*'# *# 51+(&.($%&# &--&.(K# $(#H*;# :&#
-+.6'&4# +"# (,&# 7$-&`'(*)&'# +1# '5&.$&'# I$(,# )1&*(&'(# (+7&1*".&# +-# '*7$"$(;=# !467(# *H5,$:$*"'#

















(+*4# /!*2'# %"3"+)#"0K# I,$.,# $'# *"# &"4*")&1&4# '5&.$&'# $"# (,&# 89=# !"*7;'$'# +-# .*5(61&`H*13`
1&.*5(61&# /P?Q0# 4*(*# -1+H# (,1&&# "*((&12*.3# 5+567*($+"'# 4&H+"'(1*(&4# *# I&*3# "&)*($%&#
.+11&7*($+"# :&(I&&"# !-# 'I*:# (&'(# '.+1&'# *"4# '61%$%*7=# !-# '.+1&'# *7'+# .+11&7*(&4# I$(,# *)&K#
I,$.,#I*'# '(1+")7;# 7$"3&4# (+# '61%$%*7K# '6))&'($")#+(,&1# *)&`4&5&"4&"(# -*.(+1'#H*;#:&#H+1&#
$H5+1(*"(=#?*7&'#,*4#,$),&1#!-# '.+1&'# (,*"# -&H*7&'#:6(#'61%$%*7#4$4#"+(#4$--&1#:&(I&&"#(,&#
'&C&'#*"4#(,&1&#I*'#"+#.+11&7*($+"#:&(I&&"#!-#'.+1&#*"4#)1+I(,#1*(&=#h"7;#bg#+-#I$74#*467(#
"*((&12*.3'# 1&.+14&4#!-, '.+1&'# $"# &C.&''#+-# *#H+1(*7$(;# (,1&',+74#4&1$%&4# -1+H#&C5&1$H&"('=#





@$'&*'&'# .*"#,*%&#H*2+1# $H5*.('#+"#"*j%&#5+567*($+"'K# $".764$")#H*''#H+1(*7$($&'# *"4# 1*5$4#








'61%$%*7#+-#H+6"(*$"#;&77+I`7&))&4#-1+)'# /6"/",1).$$".9#*(#'+H&#'$(&'K#:6(#:7*H&4#!-, -+1# (,&#
4$'*55&*1*".&# +-# (,$'# '5&.$&'# *(# +(,&1# '$(&'=# !7(,+6),#!-, .*"# .*6'&# &5$4&H$.'K#H+1&# '6:(7&#





G# $"%&'($)*(&4# (,&# &--&.(# +-#!-,+"# (,&# '61%$%*7# +-# "*((&12*.3# (+*4'# /!*2'# %"3"+)#"0K# -+77+I$")#
4&(&.($+"#+-#!-#$"#'*H57&'#-1+H#"*((&12*.3'#$"#(,&#89#/X&7(1&1#S#P6""$"),*H#DEEbK#!1*$#DEE]0=#
@$'.+%&1;# +-# !-# $"# "*((&12*.3# 5+567*($+"'# I*'# *# .*6'&# -+1# .+".&1"K# *'# (,$'# '5&.$&'# $'#
&"4*")&1&4#$"#(,&#89#/T6.37&;#S#T&&:&&K#DEE[0=#
#
G# *''&''&4# (,&# &--&.(# +-#!-# +"# "*((&12*.3# (+*4'# 6'$")# (,1&&# *551+*.,&'=# X$1'(7;K# G# 7++3&4# -+1#
&%$4&".&# +-# 4&.7$"&'# $"# 5+567*($+"'# I,$.,# ,*4# (&'(&4# 5+'$($%&# -+1#!-=# A5*I"$")# *.($%$(;# $'#
1&.+14&4# $"# (,&#M*((&12*.3#R+*4#A$(&#Q&)$'(&1# -+1# (,&#89#/T&&:&&#S#T6.37&;K#DEFDK# $"#51&''0=#
A5*I"#'(1$")#.+6"('#*1&#(,+6),(#(+#51+%$4&#*"#$"4$.*($+"#+-#(,&#"6H:&1#+-#-&H*7&'#/T6.37&;#S#








*''+.$*(&4# I$(,# 5+"4# *((&"4*".&=# R,&# H*7&'# +-# H*";# 5++7`:1&&4$")# *H5,$:$*"'K# $".764$")#
"*((&12*.3'# /R&2&4+K# F^^c0K# '5&"4# H+1&# ($H&# $"# 5+"4'# (+# *"($.$5*(&# -&H*7&# *11$%*7# *"4#
H*C$H$'&# :1&&4$")# +55+1(6"$($&'=# G# 51&4$.(&4# H*7&'# I+674# ,*%&# ,$),&1# !-# '.+1&'K# 46&# (+#
$".1&*'&4#$"-&.($+"#1$'3#*"4#!-,*.($%$(;#$"#1&'5+"'&#(+#$HH&1'$+"#/'&&#P,*5(&1#D0=#P*1&;#.#,"3#















G# .+H5*1&4# 1&.+14'# +-#!-# 4&(&.($+"# $"# 89# "*((&12*.3# 5+567*($+"'# I$(,# 1&.+14'# +-# '5*I"$")#
*.($%$(;# $"# (,&#M*((&12*.3# R+*4# A$(&# Q&)$'(&1# -+1# (,&# 89# /T&&:&&#S# T6.37&;K# DEFDK# $"# 51&''0=#





P*5(61&`H*13`1&.*5(61&! KP?Q0# 4*(*# I&1&# .+77&.(&4# -1+H# (,1&&# "*((&12*.3# 5+567*($+"'# $"#
"+1(,&1"#P6H:1$*L#?*I:1*;K#V16"&#*"4#T+I"&''`+"`A+7I*;=#X+1#7+.*($+"'K#'&&#P,*5(&1#FK#X$)=#
F=b=#G#'&(#*#(*1)&(#-+1#'*H57$")#+-#*(#7&*'(#bE#(+*4'#5&1#5+567*($+"K#$"#+14&1#(+#,*%&#*#,$),#7&%&7#







$"&1(`(1*"'5+"4&1# /<GR0# (*)'# /!WG@0=# R+*4'# I&1&# $4&"($-$&4# +"# 1&.*5(61&# 6'$")# *# (*)# 1&*4&1=#
<,+(+)1*5,'#+-#6"$_6&#4+1'*7#I*1(#5*((&1"'#I&1&#*7'+#(*3&"#(+#*77+I#$4&"($-$.*($+"#$"#(,&#&%&"(#
+-#(*)#7+''=#R+*4'#I&1&#'*H57&4#-+1#!-,+"#*77#.*5(61&#+..*'$+"'#6'$")#'I*:'#*"*7;'&4#:;#1(`<PQ#















(+# 4&"41+.,1+"+7+);K# I,&1&# (1&&# *)&# $'# &'($H*(&4# :;# .+6"($")# )1+I(,# 1$")'# 1&'67($")# -1+H#




&C5&1$&".&# .+74# I$"(&1'# *"4# H+4&1*(&# '6HH&1'# 6'6*77;# +"7;# 4&%&7+5# +"&# B!V# 5&1# ;&*1=#




*"4# 4$'(*7# 5,*7*")&'=# R,&1&# I*'# 5+(&"($*7# -+1# (+&`.7$55$")# (+# *--&.(# 1&.*5(61&# *"4# '61%$%*7#





-1+H# I,$.,# !-,I*'# $'+7*(&4# -+1# &C5&1$H&"('# *"4# )&"+H$.# '&_6&".$")=# G"# +14&1# (+# &"'61&#
&--&.('#+"# '61%$%*7#I&1&# .+"'$'(&"(K# G# 1&H+%&4#+"&# (+&# -1+H#*77# *467('# .*5(61&4# /(,&# 7+")&'(#
(+&#+"#(,&#1$),(#,$"4#-++(0#6'$")#'61)$.*7#'.$''+1'=#A*H57&'#I&1&#'(+1&4#$"#\Eg#&(,*"+7=#
#
!#H&(,+4# -+1# '*H57&#51+.&''$")#I*'#4&%&7+5&4#I$(,# 1&-&1&".&# (+#U&H&7**1# /F^]c0K#@&"(+"#
/F^^F0#*"4#Q+f&":76(#*"4#h)$&7'3*#/DEEa0=#U&H&7**1#/F^]c0#'6))&'(&4#(,&#-$1'(#(I+#B!V'#.+674#
:&#+:'.61&4#:;#&"4+'(&*7#:+"&#1&'+15($+"#*"4#1&H+4&77$")#461$")#)1+I(,K#'+#(16&#*)&#H$),(#
&C.&&4# (,&# "6H:&1# +-# %$'$:7&# B!V'=# U+I&%&1K# Q+f&":76(# *"4# h)$&7'3*# /DEEa0# ',+I&4# B!VF#
/.+11&'5+"4$")#(+#-$1'(#,$:&1"*($+"0#I*'#.+"'$'(&"(7;#%$'$:7&#$"#(,&#:+"&'#+-#*467(#I*(&1#-1+)'K#
51+%$4&4#(,&#H$4`7&")(,#+-#&*.,#:+"&# /4$*5,;'$'0#I*'#'*H57&4=#R$''6&# -1+H#(,&# -$1'(#;&*1#+-#
)1+I(,# I*'# 1&(*$"&4# I$(,$"# (,&# 4$*5,;'&'# :6(# "+(# (,&# &"4'# +-# (,&# :+"&'# /&5$5,;'&'0=# R+#
&"'61&#4&(&.($+"#+-#B!VFK#G#'&.($+"&4#(,&#H$4`7&")(,#+-#&*.,#5,*7*")&=#
!
N*.,# (+&# '*H57&#I*'# -$1'(# 1&H+%&4# -1+H# '(+1*)&# $"#&(,*"+7# *"4#:+$7&4# $"#I*(&1# /DE#H$"0# (+#
'+-(&"# (,&# ($''6&'# *1+6"4# &*.,# 5,*7*")&# *"4# -*.$7$(*(&# (,&$1# 1&H+%*7# I$(,# -+1.&5'=#
@&.*7.$-$.*($+"# I*'# *7'+# "&.&''*1;# (+# '+-(&"# (,&# :+"&'# :&-+1&# '&.($+"$")=# <,*7*")&'# I&1&#
! %(
4&.*7.$-$&4# $"# -+1H$.# *.$4# /ag0# -+1# [a`\a# H$"=# B*1)&1# 5,*7*")&'# 1&_6$1&4# 7+")&1# (1&*(H&"(=#
A6--$.$&"(#4&.*7.$-$.*($+"#I*'#.+"-$1H&4#:;#*"#$".1&*'&#$"#:+"&#-7&C$:$7$(;=#85+"#1&H+%*7#-1+H#
(,&# *.$4K# &*.,# 5,*7*")&# I*'# 1$"'&4# $"# 4$'($77&4# I*(&1# (+# 1&H+%&# *";# (1*.&'# +-# *.$4=# !-(&1#
&C(1*.($+"# -1+H# '+-(# ($''6&'# *"4# 4&.*7.$-$.*($+"K# (,&# 51+C$H*7# +1# 4$'(*7# &5$5,;'$'# +-# &*.,#
5,*7*")&# I*'# 1&H+%&4# 6'$")# *# '.*75&7=# R,$'# '*%&4# ($H&K# *'# (,&# &5$5,;'&'# I&1&# 6"7$3&7;# (+#
$".764&# B!VF# *"4# '&.($+"$")# 6'$")# *# H$.1+(+H&# :&)*"# I$(,# +"&`(,$14# +-# (,&# :+"&# 7&")(,#
1&H+%&4=#N*.,#5,*7*")&#I*'#-1+f&"#%&1($.*77;#$"#B*H:`h.(#&H:&44$")#H*(1$C#+"#*#<&7($&1`(;5&#
-1&&f$")#57*(-+1HK#I$(,# (,&# .6(# &"4# +-# (,&#5,*7*")&#51+(164$")# -1+H# (,&#H*(1$C=# R1*"'%&1'&#
'&.($+"'#I&1&#.6(#*(#[E#"H#$"(&1%*7'#I$(,#(,&#H$.1+(+H&#:7*4&#'&(#*(#ap#-1+H#(,&#,+1$f+"(*7=#
#
A&.($+"'# /*551+C$H*(&7;# cE# 5&1# 5,*7*")&0#I&1&# (1*"'-&11&4# -1+H# (,&# :7*4&# (+# *# I*(.,)7*''#
.+"(*$"$")#4$'($77&4#I*(&1#*"4#7$),(7;#'(*$"&4#6'$")#@&7*-$&74l'#,&H*(+C;7$"=#!(#(,$'#'(*)&#$(#I*'#
5+''$:7&#(+#$4&"($-;#a`FD#'&.($+"'#+-#'6--$.$&"(#_6*7$(;#-+1#*)&#&'($H*($+"=#R,&'&#'&.($+"'#I&1&#
(1*"'-&11&4# +"(+#H$.1+'.+5&# '7$4&'K# '&(# $"# GHH6"+H+6"(# )&7# *"4# 51+(&.(&4#I$(,# .+%&1'7$5'=#
R,&# -$C&4# '&.($+"'#I&1&#%$&I&4#6"4&1# *# 7$),(#H$.1+'.+5&#I$(,# *#FEC#H*)"$-$.*($+"# 7&"'=# R,&#
:&'(# (I+#+1# (,1&&# '&.($+"'# -+1# &*.,#5,*7*")&#I&1&#5,+(+)1*5,&4#*(# cEE#45$#6'$")#*"#!C$+`




(+#(,$'#'$(&# $"#DEEa#*"4#DEEb=#P+"'&_6&"(7;K# (+*4'#.*5(61&4# $"#DEE^# .+674#+"7;#:&#c`[#;&*1'#
+74K#*'# (,&1&#I*'# $"'6--$.$&"(# ($H&#-+1# 1&.16$(H&"(#+-#*#'&.+"4#)&"&1*($+"=#R,&#'*H57&# -1+H#
(,&#H*7&# (+*4# $"# X$)=# [=F=#I*'# .+77&.(&4# $"#DEE^=#h"&# B!V# $'# %$'$:7&# *42*.&"(# (+# (,&#H*11+I#
.*%$(;K#*"+(,&1#$'#.7&*17;#%$'$:7&#,*7-I*;#(,1+6),#(,&#:+"&#*"4#+"&#H6'(#*7'+#&C$'(#*(#(,&#+6(&1#











@$--&1&".&'# $"# 1&.*5(61&# 1*(&# .*"# .1&*(&# $776'+1;# 4$--&1&".&'# $"# '61%$%*7K# '+# $(# $'# "&.&''*1;# (+#
.*7.67*(&# '&5*1*(&# &'($H*(&'# +-# '61%$%*7# *"4# 1&.*5(61&# 51+:*:$7$(;=# R,$'# $'# 5+''$:7&# 6'$")# *#
H*C$H6H#7$3&7$,++4#*551+*.,#$"#51+)1*H#?!Q9#/e,$(&#S#T61",*HK#F^^^0=#!#1*")&#+-#H+4&7'#
.*"#:&#6'&4# (+# *"*7;'&#P?Q#4*(*# $"#?!Q9=# R,&#H+'(#5+I&1-67# k1+:6'(l#H+4&7'# .*"#+"7;#:&#
26'($-$&4#$-#(,&1&#$'#f&1+#"&(#H$)1*($+"#461$")#(,&#'(64;#/9&"4*77#.#,"3#F^^\0=#G#.+674#"+(#H*3&#
(,$'# *''6H5($+"# *'# "*((&12*.3'# *1&# &C57+'$%&# :1&&4&1'# *"4# G# .+674# "+(# $4&"($-;# *";# 5&1$+4#
I$(,$"# +1# *.1+''# ;&*1'# 461$")# I,$.,# $(# I*'# '*-&# (+# *''6H&# f&1+# &H$)1*($+"# +1# $HH$)1*($+"=#






$(# $'# "+(# &''&"($*7# -+1# 1&.*5(61&# $"(&1%*7'# (+# :&# &%&"7;# '5*.&4K# H+4&7# '5&.$-$.*($+"# *"4#
$"(&151&(*($+"#+-#(,&#1&'67('#$'#H6.,#'$H57&1#$-#(,&;#*1&=#G"%&'($)*($+"#+-#I$(,$"`'&*'+"#&--&.('#
I*'#"+(#&''&"($*7K#'+#G#4&.$4&4#(+#6'&#(,&#'(*"4*14#P>A#H+4&7=#G#6'&4#*#(,1&&`&%&"(#&".+6"(&1#





(,&# H*C$H6H# 7&%&7# +-# !-# $"-&.($+"# *.($%$(;# &C5&1$&".&4# :;# &*.,# *"$H*7=# 8'&# +-# *##
($H&`$"%*1$*"(#.+%*1$*(&#$'#6"6'6*7#:6(#H*;#:&#26'($-$&4#:;#H;#&*17$&1#-$"4$")'#/'&&#P,*5(&1#D0#





G# (&'(&4# -+1# 7$"3'# :&(I&&"# *""6*7# )1+I(,# 1*(&'# *"4#!-# (&'(# 1&'67('# 6'$")# (I+# *551+*.,&'L#
-$1'(7;#:;#.+H5*1$")#*""6*7#)1+I(,#I$(,#(,&#!-#'.+1&'#+-#$"4$%$46*7'=#A&.+"47;K#:;#.+H5*1$")#
(,&# '$f&# '(16.(61&# +-# 5+567*($+"'# I$(,# 4$--&1&"(# $".$4&".&'# +-# !-# 4&(&.($+"=# R+*4'# I&1&#










?*I:1*;# /X&7(1&1# S# P6""$"),*HK# DEEb0K# @1$))K# @6""&1,+7H&K# A*"4'.*7&K# A&77*-$&74K# A$77+(,#
/!1*$K# DEE]0K# !""*'$4&K# T1*;'(+"&'K# U*%&1$))K# A6::&1(,I*$(&# /T1*HI&77K# DEFF0K# V16"&# *"4#
T+I"&''`+"`A+7I*;#/(,$'#'(64;0L#*"4#$"#A.+(7*"4K#I,&1&#!-#I*'#-$1'(#1&.+14&4#*(#P*&17*%&1+.3#
$"# 'H++(,# "&I('# D$)#*$*1, 8*3G"$)1# /P6""$"),*H# S# ?$"($")K# DEE]0# *"4# '6:'&_6&"(7;# $"#
"*((&12*.3'# /<&13$"'K#<.$1=%'++K#DEFE0=#!(# (I+#'$(&'# /X1&"',*HK#A6::&1(,I*$(&0#!-#@M!#I*'#















t&*1# !$"'4*7& T$134*7&# R*7*.1& P*&17*%= @1$)) A*"4'.*7& A&77*-$&74# ?*I:1*; V16"&
DEEE# ]c[# FbD# FF F^ a^ F^a ^ a# E
DEEF# ]^^# FDa# aE \b E M! ] E# E
DEED# DcD# aE# \F bF D FE] c F# E
DEEc# bFE# FE[# F[E F[a [E FbE cD# [# F\
DEE[# c[F# bD# Dc Fca Fcb FEa Fb# Fc# c
DEEa# \F^# F]c# a^ F]\ D[] D[\ Db# E# Da
DEEb# D^E# DFE# F\D b DaF M! D\# \# [E
DEE\# DcD# Dc^# Fc\ FD FEa M! F[# M!# D^
DEE]# D]F# D]a# F^] D FE] [\c D[# D# FF
DEE^# DEa# Dca# FEb a F\b F^\ Dc# F[# Dc
DEFE# F[E# Fb\# \^ D FbF [^[ F\# D[# D^





X1+H# DEE^# (+# DEFE# *# (+(*7# +-# DD\# *467('#I&1&# .*5(61&4# *(# (,&# (,1&&# $"(&"'$%&7;`H+"$(+1&4#
'$(&'=#<+567*($+"#'6:`(+(*7'#I&1&L#V16"&# /^D0K#?*I:1*;# /\a0K#T+I"&''# /bE0=#@*(*# -1+H#(,&'&#
(+*4'#I&1&#6'&4#(+#&'($H*(&#'61%$%*7#*"4#1&.*5(61&#51+:*:$7$($&'#6'$")#(,&#'(*"4*14#P>A#H+4&7#






@$'5&1'$+"# I*'# .*7.67*(&4# -1+H# (,&#H+'(# )&"&1*7# H+4&7# 5+''$:7&# /'&&# k)7+:*7# -+1#%l# H+4&7K#
R*:7&#[=D0#6'$")#(,&#H&4$*"#%#(&'(#$"#51+)1*H#?!Q9=#!-#'.+1&K#*)&#+1#'$f&#I&1&#"+(#$".764&4#$"#
(,$'#H+4&7K#*'#.+"($"6+6'#.+%*1$*(&'#.*""+(#:&#$".764&4#$"#.*7.67*($+"'#+-#%#/P++.,#S#e,$(&K#
DEE^0=# h%&14$'5&1'$+"# 1&'67('# $"# +%&1&'($H*(&'# +-# H+4&7# '655+1(# $-# %# $'# '&(# *(# F# /f&1+#
4$'5&1'$+"0K#I,&1&*'#6"4&14$'5&1'$+"#.*"#1&'67(#$"#+%&17;#.+"'&1%*($%&#&'($H*(&'=#G#*426'(&4#%#
(+#*..+6"(#-+1#6"4&14$'5&1'$+"#$"#(,&#4*(*#/H&4$*"#%#i#E=\[]K#A=N=#i#E=F[]0=#e,&"#%#$'#*426'(&4#
















h(,&1# '(64$&'# +-# !-# *"4# '61%$%*7# $"# (,&# I$74# ,*%&# "+(# $".764&4# '$f&# +1# *)&# *'# &C57*"*(+1;#
%*1$*:7&'=#G#1&H+%&4#(,&'&#%*1$*:7&'#(+#'&&#$-#(,$'#I+674#)&"&1*(&#*#4$--&1&"(#1&'67(=#e,&"#*)&#
I*'#"+(#*%*$7*:7&#*"4#!-#'.+1&#I*'#6'&4#(+#H+4&7#!#*"4#$K#!-#4$4#*55&*1#(+#$"-76&".&#'61%$%*7K#




.+H5&(&4#I$(,#H+4&7# c=# R,$'# .+"-7$.(# '6))&'(&4#*# .+11&7*($+"#:&(I&&"#!-# '.+1&#*"4#*)&#+1#




i# E=E[0# :6(# "+(# '$f&# /<&*1'+"y'# 51+46.(`H+H&"(K# (# i# F=bDK# 5qE=FE\K# .+11&7*($+"#
.+&--$.$&"(# i# `E=FFK# X`'(*(m# D=bD# +"# F# *"4# DDa# 4-K# Q
D#





$"# f&1+`$"-7*($+"# /'&&# X$)=# [=a0#+-# (,&#!-# '.+1&#4*(*#H*;#,*%&#H*'3&4#*# '(1+")&1# .+11&7*($+"#
:&(I&&"# *)&# *"4# (16&# !-# $"-&.($+"# 7+*4=# R,&# 'I*:# (&'(# +-(&"# -*$7'# (+# 4&(&.(# $"-&.($+"'# $"#














B&+-! W*/#%!+&1#! \,=?$ "\,=?$ . R)-#%)@**/! S! \"#7)&+$#
F# $/*)&0K!/*)&0# ^D^=b[ E F F# [# ^DF=abb^
D# $/'$f&0K!/'$f&0# ^bb=c] cb=\[F] E E# [# ^a]=cE]^
c# $/=0K!/*)&0# ^\F=F\ [F=acE[ E E# c# ^ba=FDbc
[# $/!-0K!/*)&0# ^\D=c^ [D=\[]] E E# [# ^b[=cFa^
a# $/'&C0K!/*)&0# ^\c=EF [c=c\FF E E# [# ^b[=^c]D
b# $/($H&0K!/*)&0# ^\c=FF [c=[b]D E E# [# ^ba=Ecac
\# $/5+50K!/*)&0# ^\a=FD [a=[]a\ E E# a# ^ba=EFba
]# $/!-0K!/!-0# ^\b=D^ [b=baEb E E# [# ^b]=DF\\











































?*7&# *"4# -&H*7&# '61%$%*7# 1*(&'# I&1&# "+(# '$)"$-$.*"(7;# 4$--&1&"(=# R,&1&# I*'# +%&17*5# $"# (,&#

















V16"&# E=[a#/E=D]`E=b[0 E=[a#/E=Fc`E=]D0 E=b^#/E=cD`E=^D0# E=aF#/E=E^`E=^F0
?*I:1*;# E=DD#/E=FF`E=c]0 E=[E#/E=D]`E=ac0 F=EE#/`0 F=EE#/`0#
T+I"&''# E=c^#/E=D\`E=aF0 E=F\#/E=E[`E=[]0 F=EE#/`0 F=EE#/`0#
















E=EED0# +1# -&H*7&# "*((&12*.3'# /<&*1'+"y'# 51+46.(`H+H&"(K# (# i# E=[aK# 5qE=bbEK# .+11&7*($+"#
.+&--$.$&"(# i# E=E^\L# 7$"&*1# H+4&7# X`'(*(m# E=DE# +"# F# *"4# DF# 4-K# Q
D#











# i# F^=D\K# 4-# i# DK# 5qE=EEF0=# !# "+"`5*1*H&(1$.# +"&`I*;# *"*7;'$'# +-# %*1$*".&#










'(*($'($.# i#FF=FaK# (+(*7# "# i#DbK#5qE=EE[0=# <+'(`,+.# .+H5*1$'+"'#+-# (,&#H&*"# 1*"3'#+-# -&H*7&#
'$f&'# ',+I&4# (,*(#T+I"&''# -&H*7&'# /"#i#\0K# 7$3&#H*7&'K#I&1&# 'H*77&1# /.1$($.*7# f#%*76&#i#D=c^K#
5qE=Ea0#(,*"#(,+'&#*(#?*I:1*;#/"#i#FD0#*"4#V16"&#/"#i#\0K#I,$.,#*)*$"#4$4#"+(#4$--&1#$"#'$f&=#
#



























































































































4*(*# -1+H# V16"&# *"4# ?*I:1*;K# I$(,# 1&7$*:7&# &'($H*($+"# +-# $"(&1.&5(# /*0# *"4# '7+5&# /:0#






# <*1*H&(&1# N'($H*(& A(4=N11+1 (#%*76& <1/sw(w0# Q&'$4=ANK#4-
?*7&#
/"#i#^c0#
*# ^E=Dc c=a\ Da=cE E=EEF# c=^\K
4-#i#^F:# F=]^ E=DF ]=]a E=EEF#
X&H*7&#
/"#i#c^0#
*# ^\=^] D=^b cc=FE E=EEF! D=]^K
4-#i#c\:# D=cF E=D[ ^=b\ E=EEF#
!
R*:7&#[=a=#N'($H*(&'#+-#)1+I(,#5*1*H&(&1'#-+1#*467(#"*((&12*.3'#*(#?*I:1*;#
# <*1*H&(&1# N'($H*(& A(4=N11+1 (#%*76& <1/sw(w0# Q&'$4=ANK#4-
?*7&#
/"#i#[a0#
*# ^c=^F b=c[ F[=]D E=EEF# D=^aK
4-#i#[c:# F=^c E=cF b=DF E=EEF#
X&H*7&#
/"#i#[b0#
*# ]]=^] c=Da D\=[D E=EEF! c=F^K
4-#i#[[:# F=\] E=D[ \=[] E=EEF#
!
R*:7&#[=b=#N'($H*(&'#+-#)1+I(,#5*1*H&(&1'#-+1#*467(#"*((&12*.3'#*(#T+I"&''!
# <*1*H&(&1# N'($H*(& A(4=N11+1 (#%*76& <1/sw(w0# Q&'$4=ANK#4-
?*7&#
/"#i#aD0#
*# aF=\\ D=^^ F\=cc E=EEF# c=c\K
4-#i#aE:# E=F\ E=DF E=]E E=[D\#
X&H*7&#
/"#i#FD0#
*# [[E=[b c\F=a^ F=F^ E=Dbc# D=acK





!-# ,*'# :&&"# 4&(&.(&4# $"# H*";# "*((&12*.3# 5+567*($+"'K# '6))&'($")# (,$'# '5&.$&'K# 7$3&# H*";#
+(,&1'K# $'#,$),7;#'6'.&5($:7&# (+#!-# $"-&.($+"=# G"#+(,&1#'5&.$&'K#!-# $"-&.($+"#,*'#:&&"# 7$"3&4#(+#
(,&#4$'*55&*1*".&#+-#I&77`H+"$(+1&4#5+567*($+"'#:6(#$"#(,&#89#*"4#A5*$"#/T+'.,K#<.$1=%'++#
DEFE0# "*((&12*.3# (+*4'# *(# H*";# '$(&'# ,*%&# (+7&1*(&4#!-# *"4# .+"($"6&4# (+# :1&&4=# G# '*I# "+#





.+11&7*(&4# I$(,# *)&K# I,$.,# ,*4# *# H6.,# '(1+")&1# 7$"3# (+# '61%$%*7=# h(,&1# 1&'&*1.,&1'# ,*%&#
.+".764&4# *"# &--&.(# +-#!-# -1+H# '$H$7*1# 4*(*# :6(#I$(,+6(# (&'($")# -+1# .+11&7*($+"'# :&(I&&"#!-#
'.+1&#*"4#+(,&1#7$-&`,$'(+1;#(1*$('=#!)&#$'#51+:*:7;#$11&7&%*"(#$"#(,&#.*'&#+-#',+1(`7$%&4#-1+)'#'6.,#
*'#E)#'$)",<."$1'/)"/"#/?611*;#.#,"3K#DEE^0#:6(#"+(#I,&"#'(64;$")#7+")`7$%&4#'5&.$&'=#<$77$+4#.#,"3#




G"# "*((&12*.3'K# 1&46.&4# '61%$%*7#I$(,# $".1&*'$")#!-# '.+1&# .+674# :&# &C57*$"&4# :;# .+11&7*($+"'#
:&(I&&"#!-, '.+1&# *"4# +(,&1# *)&`4&5&"4&"(# %*1$*:7&'=# !7(,+6),# ;+6")&1# (+*4'#H*;# :&# 7&''#
*:7&# (+# (+7&1*(&# !-# $"-&.($+"# *"4# '6--&1# *# ,$),&1#H+1(*7$(;# 1*(&K# (,&# 5*((&1"# .+674# *7'+# :&#
&C57*$"&4#:;#;+6")&1#(+*4'#'5&"4$")#H+1&#($H&#$"#I*(&1=#G#,*%&#"+#&%$4&".&#(+#'655+1(# (,&#







<."$1'/)"/",I,$.,# (&'(&4#5+'$($%&# -+1#!-# ,*4#*# 7+I&1# '61%$%*7# 1*(&# (,*"# (,+'&#I,$.,# (&'(&4#
"&)*($%&=# A.,H$4(# /DEFE0# *1)6&4# (,*(# !-# .+674# ,*%&# *--&.(&4# I$(,$"`'&*'+"# '61%$%*7# +1#
:&,*%$+61K#I$(,#!-`5+'$($%&#-1+)'#&H$)1*($")#-1+H#(,&#'(64;#*1&*=#!'#(,$'#'5&.$&'#$'#',+1(`7$%&4#
*"4#(,&#'(64;#+"7;#.+%&1&4#+"&#'5*I"$")#'&*'+"K#&H$)1*($")# -1+)'#I&1&#"+(#&C5&.(&4#(+#:&#
1&.*5(61&4#*"4#H*;#"+(#,*%&#&C5&1$&".&4# $".1&*'&4#H+1(*7$(;=# G-#E)#'$)",<."$1'/)"/"# $'K# 7$3&#
! '*
!*2',%"3"+)#"K#,$),7;#'6'.&5($:7&#(+#!-#$"-&.($+"K#!-`5+'$($%&#$"4$%$46*7'#H*;#'$H57;#1&51&'&"(#
(,&#H+'(# *.($%&7;`:1&&4$")# 5*1(# +-# (,&# 5+567*($+"=# X1+)'# I,$.,# ,*%&# *71&*4;# '5&"(# ($H&# $"#
I*(&1# H*;# :&# H+1&# 7$3&7;# (+# (&'(# !-`5+'$($%&K# :6(# (,&;# H*;# *7'+# :&# H+1&# 7$3&7;# (+# 4$&# +1#
&H$)1*(&#-+1#1&*'+"'#I,$.,#*1&#.+H57&(&7;#6"1&7*(&4#(+#!-=#G(#$'#$H5+1(*"(#(+#&H5,*'$f&#(,*(#




G-# G# $)"+1&# (,$'# 5+''$:$7$(;# *"4# (,&# -*.(# (,*(# !-, '.+1&'# 51+:*:7;# .+11&7*(&# I$(,# +(,&1# .+'('#
*''+.$*(&4#I$(,#5+"4#*((&"4*".&K# (,&#&--&.(#+-#!-#'.+1&#+"#*467(#"*((&12*.3#'61%$%*7#I*'#'($77#
I&*3=#A61%$%*7#51+:*:$7$(;#/+%&1#*#(I+`;&*1#5&1$+40#I*'#+"7;#Fag#7+I&1#-+1#,$),#.+H5*1&4#(+#
f&1+`'.+1$")#(+*4'# /X$)=#[=[=0=#W&1;# -&I#I$74#"*((&12*.3'# /FcoDD\#i#bg0#1&.+14&4#!-,'.+1&'# $"#
&C.&''# +-# *#H+1(*7$(;# (,1&',+74# /7+)#!-# VN# a=b0# 4&1$%&4# -1+H# &C5&1$H&"('# /'&&# P,*5(&1# c=0=#
h(,&1# '(64$&'# +-# '61%$%*7# $"# 1&7*($+"# (+# !-, 'I*:, (&'(# 1&'67('# ,*%&# .+H5*1&4# '61%$%*7# +-#
k"&)*($%&l#%&1'6'#k5+'$($%&l#$"4$%$46*7'K#6'$")#*#'(*"4*14#(,1&',+74#-+1#!-#4&(&.($+"#+-#E=F#VN#!-#
@M!#/'&&#P,*5(&1#D0=#?;#6'&#+-#_6*"($(*($%&#!-#'.+1&#',+674#,*%&#51+%$4&4#*44$($+"*7#5+I&1K#









"&)*($%&#+"# (,&#:*'$'#+-# 'I*:# (&'('Z# O&1+#!-# $"-&.($+"#51&%*7&".&# $"# (,&#!75$"&# '*7*H*"4&1#
>"3"+"/-.$, "#$"# I*'# 1&5+1(&4# :;# B+&((&1'# .#, "3# /DEFD0K# $"# 5+567*($+"'# I,$.,# I&1&# +"7;#
'*H57&4#+".&K#I$(,#+"&#'I*:#5&1#'*7*H*"4&1=#h(,&1'#,*%&#.7*$H&4#$"-&.($+"#7+''#+"#(,&#:*'$'#
+-# '$")7&# 'I*:'# -+77+I$")# &C5&1$H&"(*7# (1&*(H&"('# /&=)=# V&$)&1#.#, "3K# DEFF0=# !7(,+6),# 'I*:#
1&'67('# H*;# $"4$.*(&# %*1$*($+"# $"# !-# *.($%$(;# +1# $"-&.($+"# 7+*4K# (,&1&# $'# +-(&"# $"'6--$.$&"(#
&%$4&".&#(+#'655+1(#"&)*($%&#$"-&.($+"#'(*(6'=#<1+:7&H'#I$77#+..61#$-#5+567*($+"'#+1#$"4$%$46*7'#
*1&# $".+11&.(7;# *''6H&4# (+# :&#!-# "&)*($%&=# NC5&1$H&"('# 1&_6$1$")# "&)*($%&# .+"(1+7'# I$77# :&#
-7*I&4# *"4# *((&H5('# (+# .+"(1+7# (,&# '51&*4# +-#!-# %$*# (,&# *H5,$:$*"# (1*4&# +1# (1*"'7+.*($+"#




R,&# 4$'.+%&1;# (,*(# "*((&12*.3'# .*"# (+7&1*(&#!-# $"-&.($+"# *"4# *.(# *'# 1&'&1%+$1# ,+'('# *7'+# ,*'#
I$4&1# $H57$.*($+"'=# G"#H*$"7*"4#N61+5&K# (,&#"*((&12*.3# $'#';H5*(1$.#I$(,#+(,&1#'5&.$&'#I,$.,#
*1&#'$)"$-$.*"(7;#*--&.(&4#:;#!-=#R,&#51&'&".&#+-#(+7&1*"(#,+'('#.+674#$".1&*'&#(,&#7$3&7$,++4#+-#
&C($".($+"#+1#4&.7$"&#+-# 7&''# (+7&1*"(#'5&.$&'# /X$',&1#.#,"3#DEFDK#Q&&4&1#.#,"3#DEFD0=#R,$'#H*;#
&C57*$"# (,&# -$"4$")'# +-# T+'.,# /<.$1=%'++K# DEFE0# (,*(# "*((&12*.3'# $"# A5*$"# ,*%&# $".1&*'&4# $"#





N%$4&".&# (,*(# '*7$"$(;# $"-76&".&'#!-, 4;"*H$.'# $"# "*((&12*.3'# .+H57&H&"('#I+13# $"# !6'(1*7$*#
I,$.,#',+I'#'$H$7*1#&--&.('# $"# (,&#I$74# /e,$(&K#DEEb0#*"4#.*5($%$(;# /A(+.3I&77#.#,"3K#DEFD0=# G-#
(,&1&# $'# *# '7$),(# &--&.(# +-#!-,+"# "*((&12*.3# '61%$%*7# $"# (,&#I$74K# ($4*7# $"56('#H*;# +--&1# '+H&#







GHH&1'$+"# $"# I*(&1# *55&*1&4# (+# (1$))&1# !-# f++'5+1&# 1&7&*'&# -1+H# (,&# '3$"# +-# $"-&.(&4#
"*((&12*.3'# :6(# (,$'# ,;5+(,&'$'# "&&4'# (+# :&# .+"-$1H&4# :;# +(,&1#H&(,+4'K# '6.,# *'# 1&*7`($H&#
H$.1+'.+5;=# R,&# "*((&12*.3# .+674# :&# *# '6$(*:7&# '(64;# '5&.$&'K# *'# $(# $'# '6'.&5($:7&# (+# !-#





'+H&# &C5&1$H&"('# I$(,# 7*1)&1# '*H57&# '$f&'K# 6'$")# (+*47&('# +1# *467(# "*((&12*.3'# -1+H#
5+567*($+"'# $"#H*$"7*"4#N61+5&#I,&1&#(,&;#*1&#H+1&#.+HH+"=#R,&#1&'67('#+-# (,&# -6")$.$4*7#
(1&*(H&"(# &C5&1$H&"(# /'&&# P,*5(&1# c0# '6))&'(&4# '*7$"$(;# H$),(# ,*%&# *# 5+'$($%&# &--&.(# +"#
'61%$%*7#:6(#(,&#4$--&1&".&#I*'#'(*($'($.*77;#$"'$)"$-$.*"(=#A(+.3I&77#.#,"3#/DEFD0#,*%&#1&5+1(&4#*#
5+'$($%&#&--&.(#+-# '*7$"$(;#+"# '61%$%*7# $"# *# 7*1)&1#'*H57&#+-#<&1+"l'# (1&&-1+)'# /E)#'$)",<.$'/))0=#
A$H$7*17;# G#I+674# 7$3&# (+# 1&5&*(# (,&#I&(# %&1'6'# 41;# .;.7&# &C5&1$H&"(# /'&&# P,*5(&1# D0#I$(,# *#
7*1)&1# '*H57&K# *'# *7(,+6),# (,&# 1&'67('# I&1&# '$)"$-$.*"(# $(# H$),(# :&# 6"I$'&# (+# H*3&# -$1H#
.+".76'$+"'# -1+H# *# '*H57&# +-# 26'(# '$C# (+*4'=# B*1)&1# '*H57&'# I+674# 51+:*:7;# *7'+# ,&75# (+#
$H51+%&#(,&#4&-$"$($+"#+-#*#H+1(*7$(;#(,1&',+74#-+1#"*((&12*.3'#$"#1&7*($+"#(+#!-,'.+1&=#
#
G# I+674# *7'+# 7$3&# (+# 1&5&*(# (,&# )/, 8)#$'# &C5&1$H&"(# /'&&# P,*5(&1# c0# I$(,# +(,&1# !-# $'+7*(&'#
.+77&.(&4#-1+H#.+*'(*7#"*((&12*.3'#*"4#*H5,$:$*"'#-1+H#-1&',I*(&1#&"%$1+"H&"('=#A(+.3I&77#.#,
"3# /DEFD0#5&1-+1H&4#*# '$H$7*1# )/,8)#$'# &C5&1$H&"(#I$(,# *#!-# $'+7*(&# .+77&.(&4# -1+H#B&'6&61l'#
-1+)# /E)#'$)", 3.1*.*$)0# :6(# $"# .+"(1*'(# (+# H;# '(64;K# 4$4# "+(# -$"4# (,*(# 7+I# 7&%&7'# +-# '*7$"$(;#




)&"&($.'# *"4#!-# 4&'.1$:&4#:;#?*;#.#,"3# /DEFF0=# G(#H$),(#:&#5+''$:7&# (+# $4&"($-;#)&"&'#I,$.,#
$"-76&".&#'61%$%*7# $"# 1&7*($+"#(+#!-# $"-&.($+"# $"#"*((&12*.3'# $"#.*5($%$(;=#A6.,#'(64$&'#.+674#:&#
.*11$&4#+6(#$"#5*1*77&7#I$(,#(,*(#+-#+(,&1#.7+'&7;`1&7*(&4#'5&.$&'K#'6.,#*'#(,&#.+HH+"#(+*4#!*2',







R,&#H*$"# *$H# +-# (,$'# 51+2&.(#I*'# (+# *''&''# (,&# &--&.(# +-#!-# +"# "*((&12*.3# (+*4'# $"# (,&#89=#









&--&.('# :6(# .,7+15;1$-+'# $'# 6'&4# *(# '+H&# '$(&'# $"# (,&# 89# I,&1&# "*((&12*.3'# +..61# /+"# )+7-#





.7$H*(&# .,*")&# 51&4$.($+"'# *1&# .+11&.(K# $".1&*'&'# $"# '6HH&1# 1*$"-*77# *"4# &C(1&H&# I&*(,&1#
&%&"('#H$),(# (1$))&1# .,;(1$4$+H;.+'$'# +6(:1&*3'=# R,&1&# $'# &%$4&".&# +-# *# 5+'$($%&# .+11&7*($+"#
:&(I&&"#.7$H*($.#%*1$*:$7$(;#*"4#+6(:1&*3'#+-#.,;(1$4$+H;.+'$'#/Q+,1#S#Q*--&7K#DEFE0=#e*1H&1K#
I&((&1# I$"(&1'# ,*%&# *# "&)*($%&# &--&.(# +"# (,&# .+"4$($+"# *"4# '61%$%*7# +-# +(,&1# 89# '5&.$&'#




!..+14$")# (+#T6.37&;#S#T&&:&&# /DEE[0K# "*((&12*.3'#4$'*55&*1&4# -1+H#s\Eg#+-# (,&$1# 1*")&# $"#
(,&# 89# :;# F^\EK# 7*1)&7;# *'# *# 1&'67(# +-# ,*:$(*(# .,*")&=# R,&# .+"'&_6&".&'# +-# ,*:$(*(# 7+''# +1#
-1*)H&"(*($+"#H*;#"+(#:&#+:%$+6'=#X+1# $"'(*".&K# (,&#'&5*1*($+"#+-#5+567*($+"'#.*"#1&'67(# $"#




T*)6&((&K# DEE]0=# R1*"'7+.*($+"# 51+2&.('# /'&&# ?*;# .#, "3K# DEFF0# *"4# *((&H5('# (+# 1&.+""&.(#
$'+7*(&4#"*((&12*.3#5+567*($+"'#*1&#*#-&*(61&#+-#"*((&12*.3#.+"'&1%*($+"#$"#(,&#89=#
! '%
R,&1&# $'# 5+(&"($*7# -+1# *# .+"-7$.(# :&(I&&"# (,&'&# &--+1('# (+# :++'(# .+""&.($%$(;# *"4# )&"&($.#
4$%&1'$(;# *"4# H&*'61&'# 4&'$)"&4# (+# 51&%&"(# (,&# '51&*4# +-# 4$'&*'&=# ?;# 4*(*# '6))&'(#
(1*"'7+.*($+"'# +-# "*((&12*.3'# I$(,$"# (,&# 89K# &%&"# '5*I"# +1# (*45+7&'K# .+674# 1&'67(# $"# (,&#
(1*"'-&1#+-#!-# (+#"&I#'$(&'=#!7(,+6),#!-,H$),(#"+(#:&#*#H*2+1# $''6&# -+1#"*((&12*.3'K# $(# .+674#
,*%&#*#"&)*($%&#$H5*.(#+"#+(,&1#'5&.$&'=#G(#I+674#:&#5+''$:7&#(+#(1&*(#'5*I"#+1#(*45+7&'#I$(,#
*#-6")$.$4&#'6.,#*'#$(1*.+"*f+7&#:&-+1&#(1*"'7+.*($+"#(+#'$(&'#I,&1&#!-#,*'#"+(#:&&"#4&(&.(&4=#




*--&.(&4# :;# !-# $"# .+H5*1$'+"# I$(,# +(,&1# '5&.$&'=# R,$'# H*;# "+(# *7I*;'# :&# (,&# .*'&K# *'##
,+'(`5*(,+)&"# 1&7*($+"',$5'# *1&# "+(+1$+6'7;# 6"51&4$.(*:7&=# G# I+674# '6))&'(# *# .*6($+6'#
*551+*.,#I$(,#1&'5&.(#(+,!-#*"4#k5*(,+)&"#5+776($+"l#$"#)&"&1*7=#G-#"*((&12*.3'#$"#(,&#89#,*%&#








# ,4B! W,`! a6C! a6R! :D4!
J]]^! ]b! JJ! ]G! ]J! ]Q! ]^! G^! GP! G^! JG! JO! O]! ]P! GO! Gb! Jc! ]c!
E*&/! # # # # # # # # # # # # # # # # #
F# E=E# ## ## ## ## ## F=E# ## ## ## ## ## ## ## ## ## ##
D# E=E# ## ## ## ## ## E=F# ## ## ## ## ## ## ## ## ## ##
c# E=E# ## ## ## ## b=a# ## ## ## ## ## ## ## ## ## ## ##
[# E=E# ## ## ## ## ## ## ## ## ## ## ## ## E=E# ## ## ##
a# E=E# ## ## ## ## E=a# F=D# ## ## ## ## ## ## E=E# ## ## ##
b# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
\# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
]# E=E# ## ## ## ## ## ## ## ## E=E# ## ## ## ## E=E# ## ##
^# E=E# ## ## ## ## D=F# ## ## ## ## ## ## ## ## ## ## ##
FE# E=[# ## ## ## ## ## a\=\# ## ## ## ## ## ## ## ## ## ##
FF# E=E# ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
FD# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Fc# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
F[# E=E# E=E# cc=[# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Fa# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Fb# E=D# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
F\# E=E# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
F]# E=c# E=E# E=F# ## ## ## ]ca=\# ## ## ## ## ## ## ## ## ## ##
F^# ## E=F# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
DE# ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
DF# ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
DD# ## D=c# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Dc# ## E=E# E=F# ## ## ## ## E=E# E=\# ## ## E=E# E=E# ## ## ## ##
D[# ## E=E# E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Da# ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
Db# ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
D\# ## E=E# ## ## ## a\=]# ## ## ## ## ## ## ## ## ## ## ##
D]# ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ## ##
D^# ## E=E# ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
cE# ## ## E=E# ## ## D=E# E=E# ## E=E# ## ## E=E# E=E# ## ## ## ##
cF# ## ## E=E# ## ## ## DD=\# ## ## ## ## ## ## E=E# ## E=E# ##
cD# ## ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
cc# ## ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
c[# ## ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
ca# ## ## F=F# ## ## ## ## ## ## ## ## ## ## ## ## ## ##
cb# ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ## ## ##
c\# ## ## ## E=E# ## D=]# [c=\# ## ## ## ## ## ## ## ## ## ##
c]# ## ## ## ## [E=[# F=E# b[=[# ## ## ## ## ## ## ## ## ## ##
c^# ## ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
[E# ## ## ## ## ## E=F# ## ## ## ## ## ## ## ## ## ## ##
[F# ## ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
[D# ## ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
[c# ## ## ## ## ## E=D# F=D# ## ## ## ## ## ## ## ## ## E=E#
[[# ## ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ## ##
[a# ## ## ## ## ## ## D=D# ## ## ## ## ## ## ## ## ## ##
[b# ## ## ## ## ## ## E=E# ## ## ## ## ## ## E=E# ## ## ##
[\# ## ## ## ## ## ## E=E# ## ## ## ## ## ## ## ## ## ##
[]# ## ## ## ## ## ## E=a# ## ## ## ## ## ## ## ## ## ##
[^# ## ## ## ## ## ## ## ## E=E# ## ## ## ## ## ## ## ##
aE# ## ## ## ## ## ## ## ## ## F=[# ## ## ## ## ## ## ##
































G# *7'+# 6'&4# A(*($'($C# \=E# /{DEEE# A(*($'($.*7# A+-(I*1&0# (+# 5&1-+1H# '(*($'($.*7# (&'('# *"4# 51+)1*H#
?!Q9# (+# H+4&7# '61%$%*7# *"4# 1&.*5(61&# 51+:*:$7$($&'=# <1+)1*H# ?!Q9# $'# *%*$7*:7&# -1+H#

























1&5+1(#:;# (,&#8"$%&1'$(;#+-# A6''&CK#T1$),(+"#*"4#!H5,$:$*"#*"4#Q&5($7&#P+"'&1%*($+"# /!QP0K#
baa*#P,1$'(.,61.,#Q+*4K#T+61"&H+6(,K#@+1'&(#TUF#[!<K#89=#
#
T&&:&&# R=>=PK# X7+I&1# Q=>=K# A(&%&"'+"# !=P=K# <*(1$.3# A=R=K# !557&:;# <=V=K# X7&(.,&1# P=K# ?*1',# P=K#
M*(3*"'3$#>=K#Q$55&;#T=#S#T*((&1:&&#Q=e=#/F^^E0#@&.7$"&#+-#(,&#"*((&12*.3#(+*4#!*2',%"3"+)#"#$"#
T1$(*$"m# 5*7*&+&.+7+)$.*7K# 4+.6H&"(*1;# *"4# &C5&1$H&"(*7# &%$4&".&# -+1# :1&&4$")# '$(&#
*.$4$-$.*($+"=#T$+7+)$.*7#P+"'&1%*($+"#acm#F`DE=##
#










T+'.,#>=#S#?*1($"&f`A+7*"+#G=# /DEEb0#P,;(1$4# -6")6'# $"-&.($+"#1&7*(&4#(+#6"6'6*7#H+1(*7$($&'#+-#
>"3"+"/-$",1"3"+"/-$"#*"4#!*2',0*2'#$"#(,&#<&"*7*1*#M*($+"*7#<*13K#A5*$"=#h1;C#[Em#][`]^=#
#




T+;7&# @=V=# .#, "3# /DEE[0# Q*5$4# _6*"($(*($%&# 4&(&.($+"# +-# .,;(1$4$+H;.+'$'#!"#$"%&'%&(#$)*+,
-./-$'0"#)-)1, $"# *H5,$:$*"# '*H57&'# 6'$")# 1&*7`($H&#R*_H*"# <PQ# *''*;=# @$'&*'&'# +-#!_6*($.#
h1)*"$'H'#bEm#F[F`F[]=#
#




T1$))'# P=>=K# 9"*55# Q=!=# *"4# W1&4&":61)# W=R=# /DEFE0# N"f++($.# *"4# &5$f++($.# 4;"*H$.'# +-# (,&#
.,;(1$4# -6")*7# 5*(,+)&"# +-# *H5,$:$*"'=# <1+.&&4$")'# +-# (,&# M*($+"*7# !.*4&H;# +-# A.$&".&'#
/<M!A0#+-#(,&#8"$(&4#A(*(&'#+-#!H&1$.*=#FE\m#^b^a`^\EE=#
#
T6.3# >=P=K# R16+")# B=# S# T7*6'(&$"# !=Q=# /DEFF0# <1&4*($+"# :;# f++57*"3(+"# +"#!"#$"%&'%&(#$)*+,
-./-$'0"#)-)1m# :$+7+)$.*7# .+"(1+7# +-# (,&# 4&*47;# *H5,$:$*"# .,;(1$4# -6")6'Z# T$+4$%&1'$(;#
P+"'&1%*($+"#DEm#ca[^`caac=#
#















P++.,# N=# S#e,$(&# V=P=/DEE^0# <1+)1*H#?!Q9L# *# )&"(7&# $"(1+46.($+"=# ]
(,
# &4=# P+7+1*4+# A(*(&#
8"$%&1'$(;=#8"56:7$',&4#/]cD#55=0#H*"6*7#/*"4#'+-(I*1&0#*%*$7*:7&#-1+H#III=5,$4+(=+1)#
#
P6HH&1# ?=Q=K# V1&&"# @=N=# S# hlM&$77# N=?=# /DEEa0# !_6*($.# .,;(1$4# 5*(,+)&"# 4&(&.(&4# $"#
(&11&'(1$*7#57&(,+4+"($4#'*7*H*"4&1=#U&15&(+7+)$.*7#Q&%$&I#cbm#D[]`D[^=#
#
P6""$"),*H# !=!=# *"4# ?$"($")# <=>=# /DEE]0# Q&'67('# +-# (,&# DEE]# "*($+"*7# 89# .,;(1$4# '61%&;=#
P+"-$4&"($*7#1&5+1(#(+#M*(61*7#N")7*"4K#<&(&1:+1+6),K#89=#
#








































































V*1"&1# R=e=>=K#e*73&1# A=K# T+'.,# >=K# B&&.,# A=K# Q+I.7$--&# >=?=K# P6""$"),*H#!=!=#S# X$',&1#?=P=#








V&$)&1# P=P=K# 965-&1# N=K# A.,*1# A=K# e+7-# A=# S# A.,H$4(# T=Q=# /DEFF0# N7&%*(&4# (&H5&1*(61&#
.7&*1'# .,;(1$4# -6")6'# $"-&.($+"'# -1+H# (*45+7&'# +-# (,&# H$4I$-&# (+*4K# 43(#.1, '01#.#$)%"/1=#
!H5,$:$*`Q&5($7$*#cDm#D\b`D]E=#
#
V7&*'+"# X=U=# S# B$72&# h=# /DEE^0# A(16.(61&# *"4# -6".($+"# +-# -6")*7# f++'5+1&'m# &.+7+)$.*7#
$H57$.*($+"'=#X6")*7#N.+7+);#Dm#ac`a^=#
#
V+3*# 9=K# t+3+,*H*# >=K# 8"&# t=K# 961+3$# R=K# A6f63$# 9=K# M*3*,*1*# ?=K# 9+:*;*',$# !=K# G"*:*# A=K#






V+'"&1# 9=B=# /F^bE0# !# '$H57$-$&4# (*:7&# -+1# '(*)$")# *"61*"# &H:1;+'# *"4# 7*1%*&K#I$(,# "+(&'# +"#
$4&"($-$.*($+"=#U&15&(+7+)$.*#Fbm#F]c`F^E=#
#










V61H6# A=# S# @*)"&# V=!# /DEFD0# T*;&'$*"# *551+*.,# (+# f&1+`$"-7*(&4# :$%*1$*(&# +14&1&4# 51+:$(#





U6(.,$"'# N=# /<.$1, %'++K# DEFE0# U&*4# +-# Q&'&1%&'#?*"*)&H&"(K#e$74-+I7#S#e&(7*"4'# R16'(K#
A7$H:1$4)&K#V7+6.&'(&1',$1&K#VBD#\TRK#89=#
#
>+,"'+"# ?=# B=K# T&1)&1# B=K# <,$7$5'# B=# S# A5&*1&# Q=# /DEEc0# X6")$.$4*7# &--&.('# +-# .,&H$.*7#


























































%"3"+)#"0# +"# (,&# !$"'4*7&# A*"4# @6"&'# M*($+"*7# M*(61&# Q&'&1%&=# 8"56:7$',&4# <,@# (,&'$'K#
8"$%&1'$(;#+-#?*".,&'(&1K#89=#
#






?*;# A=K# O&$''&(# G=# S# T&&:&&# R=>=P=# /DEFF0# B*1%*7# -$("&''# *"4# $HH6"+)&"&($.# 4$%&1'$(;# $"#






?615,;# <=>=K# A(`U$7*$1&# A=# S# P+1"# <=A=# /DEFF0# R&H5&1*(61&K# ,;41$.# &"%$1+"H&"(K# *"4# 51$+1#




'5&.$&'# (,1&*(&"&4# :;# (,&# *H5,$:$*"# .,;(1$4# -6")6'# !"#$"%&'%&(#$)*+, -./-$'0"#)-)1=#
P+"'&1%*($+"#T$+7+);#Dcm#FD[D`FDaD=#
#
?611*;# 9=!=K# A3&11*((=# B=X=K# A5&*1&# Q=# S# ?.P*776H# U=# /DEFE0# N%$4&".&# +-# &--&.('# +-#







/DEFF0# !H:$&"(# 67(1*%$+7&(# T# 1*4$*($+"# *"4# 51&%*7&".&# +-# $"-&.($+"# :;# !"#$"%&'%&(#$)*+,
-./-$'0"#)-)1#$"#(I+#*H5,$:$*"#'5&.$&'=#P+"'&1%*($+"#T$+7+);#Dam#^\a`^]D=#
! (&
<&13$"'#?=# /<.$1, %'++K# DEFE0#e&77.+H&#T6$74$")K# G"'($(6(&#+-# O++7+);K# O++7+)$.*7# A+.$&(;#+-#
B+"4+"K#Q&)&"(l'#<*13K#B+"4+"#MeF#[QtK#89=#
#
<&''$&1# !=<=K# M$.,+7'# @=9=K# B+").+1&# >=N=# S# X677&1# ?=A# /F^^^0# P6(*"&+6'# .,;(1$4$+H;.+'$'# $"#







T1$))'#P=>=# /DEEa0# R,&#"+%&7# *"4#&"4&H$.#5*(,+)&"# ,;5+(,&'&'m# .+H5&($")#&C57*"*($+"'# -+1#
(,&#+1$)$"#+-#&H&1)$")#$"-&.($+6'#4$'&*'&'#+-#I$747$-&=#P+"'&1%*($+"#T$+7+);#F^m#F[[F`F[[]=#
#






Q&&4&1#M=?=?=K# <&''$&1# !=<=#S# W1&4&":61)# W=R=!# /DEFD0# Q&'&1%+$1# '5&.$&'# -+1# (,&# &H&1)$")#











"+"`*H5,$:$*"# ,+'('K# $"(1+46.&4# ,+'('# *"4# (1*4&# $"# ',*5$")# (,&# )7+:*7# .,;(1$4$+H;.+'$'#
5*"4&H$.=# G"m# <1+.&&4$")'# +-# (,&# \
(,


















Q+I7&;# >=>=B=K# !7-+14# Q=!=# S# A3&11*((# B=X=# /DEEb0# R,&# *H5,$:$*"# .,;(1$4, !"#$"%&'%&(#$)*+,







-6")6'=# <1+.&&4$")'# +-# (,&# M*($+"*7# !.*4&H;# +-# A.$&".&'# /<M!A0# +-# (,&# 8"$(&4# A(*(&'# +-#
!H&1$.*=#FE]m#Fb\Ea`Fb\FE=#
#












@$--&1&"($*7# ,+'(# '6'.&5($:$7$(;# (+# !"#$"%&'%&(#$)*+, -./-$'0"#)-)1K# *"# &H&1)$")# *H5,$:$*"#
5*(,+)&"=#P+"'&1%*($+"#T$+7+);#Dam#^ba`^\[=#
#




M=# /DEE\0# A51&*4# +-# .,;(1$4$+H;.+'$'# ,*'# .*6'&4# (,&# 1*5$4# )7+:*7# 4&.7$"&# *"4# &C($".($+"# +-#
-1+)'=#N.+,&*7(,#[m#FDa`Fc[=#
#































W1&4&":61)# W=R=K# 9"*55# Q=!=K# R6"'(*77# R=A=# S# T1$))'# P=>=# /DEFE0=# @;"*H$.'# +-# *"# &H&1)$")#








7&%&7# &--&.('# +-# (,&# *H5,$:$*"# .,;(1$4# -6")6'K# !"#$"%&'%&(#$)*+, -./-$'0"#)-)1K# +"#
!"#$"%&'1.<1,"##./*"#*1#/<7&(,+4+"($4*&0=#P+5&$*#DEE^m#bacYbbE=#
#
e,$(&# !=e=# /DEEb0# !# (1$*7# 6'$")# '*7(# (+# 51+(&.(# )1&&"# *"4# )+74&"# :&77# -1+)'# -1+H# .,;(1$4#
$"-&.($+"=#U&15&(+-*6"*#cbm#^c`^b=#
#
e,$(&#V=P=#S# T61",*H# 9=<=# /F^^^0# <1+)1*H#?!Q9m# '61%$%*7# &'($H*($+"# -1+H# 5+567*($+"'# +-#
H*13&4#*"$H*7'=#T$14#A(64;#[bm#FDE`FcE=#
